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the primitive pine-torch to the 
paraffin candle, liow wide an inter- 
val! between them how vast a contiast’ 
The means adopted by mail to illuminate 
his home at night, stamp at once his posi- 
tion in the scale of civilisallon. The fluid 
bitumen of the fai East, bla/mg in rude 
vessels of baked eaitli , the Etiuscan lamp, 
exquisite m foim, yet ill adapted to its 
office, the whale, seal, oi bcai fat, filling 
the hut of the Esquimaux or Lap with 
odour lather than light, the huge wax 
candle on the glittering altar, the laiige of 
gas lamps in our streets, — all have their 
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stories to tell All, if the}'- could speak 
(and, after their own manner, they can), 
might warm our hearts m telling, how 
they have ministered to man’s comfort, 
love of home, toil, and devotion 

Surely, among the millions of fire-wor- 
shippers and fire-users who have passed 
away in earlier ages, some have pondered 
over the mystery of firej perhaps some 
clear minds have guessed shrewdly near the 

truth Think of the time mart has lived in 

\ 

hopeless ignorance . think that only during 
a period which might be spanned by the 
life of one man, has the truth been known. 

Atom by atom, link by link, has the 
reasoning chain been forged. Some links, 
too quickly and too slightly made, have 
given way, and been replaced by better 
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\\ ork , but now tbe great phenomena are 
known — the outline is correctly and firmly 
drawn — cunningf artists are filling in the 
rest, and the child who masters these Lec- 
tures knows more of fire than Aristotle 
did 

The candle itself is now* made to l.gl-t 
up the dark places of nature, the blowpipe 
and the prism arc adding to our know- 
ledge of the earth's crust , but the torch 
must come first 

Among the readers of this book some 
few^ may de\otc themselves to increasing 
the stores of knowledge: the Lamp of 
Science bum '' Ala cjlaiuhiavi" 
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CHEMICAL HISTORY OF A CANDLE. 


LECTURE 1. 

A CWDLE HIE rL\ML— IT's SOURCES — 
STRUCTURE — MOBILll \ — BRIGII HNESS 

T PURPOSE, in icturn for the honour you do 
us by coming to see ■what are our proceed- 
ings here, to bung befoic you, in the couise of 
these lectures, the Cliemical Ilistoiy of a Candle 
1 have taken this subject on a formci occasion , 
and iverc it left to my own w'lll, I should i^icfci 
to repeat it almost eveiy year — so abundant is 
the interest that attaches itself to the subject, so 
Avonderful arc the vaiictics of outlet w'liich it 
oTcrs into the vaiious departments of philosoph} 
There is not a law undci which any pait of this 
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univeisc is governed which does not come into 
play, and is touched upon in these phenomena 
Theie is no bettei, there is no moie open door 
by which you can enter into the study of natural 
philosophy, than by considering the physical 
phenomena of a candle I tiust, therefoie, I 
shall not disappoint you in choosing this for my 
subject rather than any newer topic, which could 
not be bettci, were it even so good 

And before pioceeding, let me say this also — 
that though oui subject be so gieat, and our 
intention that of ti eating it honestly, seiiously, 
rnd philosophically, yet I mean to pass away 
from all those who are seniors amongst us I 
clam the privilege of speaking to juveniles as 
a juvenile myself I have done so on former 
occasions — and, if j'ou please, I shall do so again 
And though I stand here with the knowledge of 
having the u ords I utter given to the world, yet 
that shall not deter nle from speaking in the 
same familiar way to those whom 1 esteem 
ncaiest to me on this occasion 

And now, my boys and girls, I must first tell 
} ou of what candles are made Some are great 
cuiiosities I have here some bits of timber, 
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bninclics of trees pa.rticularly fn-mods for their 
burning And hcie } ou sec a piece of that ver}'' 
curious substance taken out of some of the bogs 
in Ireland, called candlc-icood , — a hard, strong, 
excellent ^^ood, evidently fitted for good work 
as a resister of force, and yet w ithal burning so 
well that where it is found they make splinters 
of It, and torches, since it burns like a candle, 
and gives a \cry good light indeed And in 
this wood we have one of the most beautiful 
illustrations of the general nature of a candle 
that I can possibly give The fuel provided, the 
means of bringing that fuel to the place of 
chemical action, the regular and gradual supply 
of air to that place of action — heat and light — 
all produced by a little piece of wood of this 
kind, forming, in fact, a natural candle 

But w^e must speak of candles as the/ arc in 
commerce Here are a couple of candies com- 
monly called dips They aie made of lengths 
of cotton cut off, hung up b\ a loop, dipped into 
melted tallow , taken out again and cooled, then 
rc-dipped until there is an accumulation of tallow 
round the cotton In order that you may haA c 
an idea of the \anous characters of these candles. 
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you see these which I hold in my hand — they 
are verj. small, and very curious They are, or 
were, the candles used by the miners in coal 
mines In olden times the miner had to find 
his own candles, and it was supposed that a 
small candle would not so soon set fire to the 
fire-damp in the coal mines as a large one, and 
for that reason, as well as for economy’s sake, he 
Lad candles made of this sort — 20, 30, 40, or 60 
to the pound They have been replaced since 
then by the steel-mill, and then by the Davy- 
lamp, and other safety-lamps of various kinds 
I have here a candle that was taken out of the 
Royal Gtojgc ('), it is said, by Colonel Pasley 
It has been sunk m the sea for many years, 
subject to the action of salt water It shews 
you how well candles may be preserved, for 
though it is Clacked about and broken a good 
deal, yet, when lighted, it goes on burning 
regularly, and the tallow resumes its natuial 
condition as soon as it is fused 

Mr Field, of Lambeth, has supplied me 
abundantly with beautiful illustiations of the 
candle and its materials I shall therefore now 
icfcr to them And, fiist, there is the suet — 
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tl:e fat of the ox — Rjssian taIlo\\» I belie\c, 
cmpIo3-ed in the manufacture of these dips, 
rvhich Ga.y Lussac, or scyne one i^ho entrusted 
him A\ith his knowledge) converted into that 
beautiful substance, stearin, ivhich you see lying 
beside it A candle, you know', is not noiv a 
gre_asy thing like an ordinaiy- tallow candle, but 
a clean thing, and j’^cu may almost scrape off 
and pulverise the drops which fall from it with- 
out soiling an} thing This is the process he 
adopted (^) — The fat or tallow is first boiled 
w ith quick-lime, and made into a soap, and then 
the soap is decomposed by sulphuric acid, 
which takes aw'ay the lime, and lea\es the fat 
rc-arranged as stearic acid, w'hilst a quantity of 
gl> cerin is produced at the same time Glycerin 
—absolutely a sugar, or a substance similar to 
sugar — comes out of the tallow in this chemical 
change The oil is then pressed out of it,, and 
you see here this senes of pressed cakes, shewing 
how bcautifull} the impurities are carried out by 
the oily part as the piessure goes on inci casing, 
and at last you have left that substance wdiich is 
melted, and cast into candles as here represented. 
The candle I ha\ e in my hand is a stearin candle, 
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made of stearin fiom tallow m the -way I have 
told >ou Then hcie is a sperm candle, which 
comes from the purified oil of the speimaceti 
whale Heie also aie yellow bces-vax and 
lefined bces-wa\, from which ca.'dles arc mfidc 
Here, too, is that curious substance called 
paraffin, and some paiaffin candles made of 
paraffin obtained fiom the bogs of Ii eland I 
have hei c also a substance brought from J apan, 
since we have foiced an cntiance into that out- 
of-the-way place — a sort of wax A\hich a kind 
friend has sent me, ancJj^which forms a new 
material foi the manufacture of candles, 

And how are these candles made ^ I have 
told you about dips, and I will shew you how 
moulds are made Let us imagine any of these 
candles to be made of mateiials which can be 
cast “Cast'” you say “Why, a candle is a 
thing that melts, and surely if you can melt it, 
you can cast it” Not so It is A\ondcrful, m 
the progress of manufacture, aqd m the con- 
sideration of the means best fitted to pioduce 
the lequiied result how things turn up which 
one w^tiuld not expect bcfoichand Candles 
cannot always be cast A w^ax candle can 
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never be cast It is made by a particular pro- 
cess, which I can il’ustrate in a m.nute or two, 
bat I must not spend much time on it Wax is 
a thing which, burning so well, and melting so 
easily m a candle, cannot be cast However, let 
us take a material that can be cast Hcic is a 
frame, with a number of moulds fastened in it 
The first thing to be done is to put a wick 
through them Here is one — a plaited wick, 
which does not require snuffing — supported 
by a little wire It goes to the bottom, wheie it 
IS pegged in — the httle't^eg holding the cotton 
tight, and stopping the api^'Iture, so that nothing 
fluid shall run out At the upper part there is a 
little bar placed across, Avhich stretches the 
cotton and holds it m the mould The tallow 
is then melted, and the moulds are filled After 
a certain time, w'hen the moulds are cool, the 
excess of tallow^ is poured off at one corner, and 
then cleaned off altogether, and the ends of the 
AMck cut aw^ay The candles alone then remain 
in the mould, and you have only to upset them, 
as I am doing, wffien out they tumble, for the 
candles are made m the form of cones, beins- 

narrow^er at the top than at the bottom, so that 

B 
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•what -with Ihcir foim and their OA\n shrinking’, 
they only need a little shaking, and out they fall 
In the same way are made these candles of 
stearin and of paiaffin It is a curious thing to 
see how wax candles are made A lot of cottons 
arc hung upon frames, as j ou see here, and 
covered with metal tags at the ends to keep the 
wax from covering the cotton m those places 
These arc earned to a hcatei, where the wax is 
melted As you see, the frames can turn round , 
and as they turn, a man takes a vessel of w-a-^ 
and pours it first dowp one, and then the next, 
and the next, and so on When he has gone 
once round, if it is sufficiently cool, he gives the 
fii'st a second coat, and so on until they arc all 
of the required thickness When they have 
been thus clothed, or fed, or made up to that 
thickness, they arc taken off, and placed clse- 
Avhcrc I have here, by the kindness of Mr 
Field, se\eral specimens of these candles Here 
IS one only half-finished They arc then taken 
dowm, and w^ell i oiled upon a fine stone slab, and 
the conical top is moulded by properly shaped 
tubes, and the bottoms cut off and trimmed 
This is done so beautifully that they can make 



OR\^AMLNTAL CANDLES 


21 


candles in this way weighing exactly foui, 
or siXj to the pound, or any number they 
please 

We must not, however, take up more time 
about the meie manufacture, but go a little 
fuither into the matter I have not yet referred 
you to luxuries in candles (for there is such a 
thing as luxury in candles) See how beauti- 
fully these are coloured’ you see here mauvCj 
magenta, and ail the chemical colours recently 
introduced, applied to candles You observe, 
also, different forms employed Here is a fluted 
pillar most beautifully shaped, and I have also 
here some candles sent me by Mr Pearsall, 
which aie ornamented with designs upon them, 
so that as they burn you have as it were a 
glowing sun above, and a bouquet of flowers 
beneath All, however, that is fine and beautiful 
is not useful These fluted candles, pretty as \ 
they ai e, ai c bad candles , they are bad because 
of their external shape Nevertheless, I she v 
you these specimens sent to me from kind 
friends on all sides, that jmu may see what is 
done, and what may be done in this or that 
direction, although, as I have said, uhen we 
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come to these refinements, we are obliged to 
sacrifice a little m utility 

Now, as to the light of the candle We will 
light one or two, and set them at work in the 
performance of their proper functions You 
observe a candle is a very different thing from 
a lamp With a lamp you take a little oil, 
fill your vessel, put in a little moss or some 
cotton prepared by artificial means, and then 
light the top of the wick When the flame 
runs down the cotton to the oil, it gets extin- 
guished, but it goes on burning m the part 
above Now, I have no doubt you will ask, 
how IS It that the oil, which will not burn of 
itself, gets up to the top of the cotton, where 
it will bum’ We shall presently examine that, 
but there is a much more wonderful thing about 
the burning of a candle than this You have 
here a solid substance with no vessel to contain 
it, and how is it that this solid substance can 
get up to the place where the flame is’ How 
IS it that this solid gets there, it not being a 
fluid ’ or, when it is made a fluid, then how is 
it that it keeps together’ This is a wonderful 
thing about a candle 
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We have here a good deal of wind, which 
will help us in some of our illustrations, but 
tease us in otliers, for the sake, therefore, of a 
little regularity, and to simplify the matter, I 
shall make a quiet flame — for who can study a 
subject when there are difficulties in the way 
not belonging to it^ Here is a clever inven- 
tion of some costermonger or street stander in 
the market-place for the shading of their 
candles on Saturday nights, when they are 
selling their greens, or potatoes, or fish I 
have very often admiied it They put a 
lamp-glass round the candle, supported on a 
kind of gallery, which clasps it, and it can be 
slipped up and donn as required By the use 
of this lamp-glass, employed in the same way, 
you have a steady flame, which you can look 
at, and carefully examine, as I hope you will do, 
at home 

You see, then, in the first instance, that a 
beautiful cup is formed As the air comes to 
the candle it moves upwards by the force of 
the current which the heat of the candle 
produces, and it so cools all the sides of the 
wax, tallow', or fuel, as to keep the edge 
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much cooler than the part ithin , the part 
within melts by the flame that runs down the 
wick as far as it can go before it is extin- 
guished, but the part on the outside does not 
melt If I made a current in one direction) 
my cup would be lop-sided, and the fluid would 
consequently run over, — foi the same force of 
gravity which holds worlds together holds this 
fluid in a hotizontal position, and if the cup 
be not horizontal, of course the fluid will run 
away in guttering You see, therefore, that the 
cup is formed by this beautifully regular ascend- 
ing curtent of air playing upon all sides, which 
keeps the exterior of the candle cool No fuel 
would serve for a candle which has not the 
property of giving this cup, except such fuel as 
the Irish bogwood, where the material itself is 
like a sponge, and holds its oivn fuel You see 
now why you v ould have had such a bad result 
if you were to burn these beautiful candles that 
I have shewn you, which are irregular, inter- 
mittent in their shape, and cannot therefore 
have that nicely-formed edge to the cup which 
is the great beauty in a candle I hope you 
^\lll now see that the perfection of a process — 
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that js, its utility — IS the better point of beauty 
about it It IS not the best looking thing, 
but the best acting thing, which is the most 
advantageous to us This good-looking candle 
IS a bad burning one There will be a 
guttering round about it because of the 

irregularity of the stream of air "and the 

badness of the cup which iS formed thereby 
You may see some pretty examples (and I 

trust you will notice these instances) of the 

action of the ascending current w hen you have 
a little gutter run down the side of a candle, 
making it thicker there than it is elsewhere 
As the candle goes on burning, that keeps its 
place and forms a little pillar sticking up by 
the side, because, as it rises higher above tlie 
rest of the w ax or fuel, the air gets better round 
it, and it IS more cooled and better able to 
resist the action of the heat at a little distance 
Fow, the greatest mistakes and faults with 
regard to candles, as in many other things, 
often bring with them instruction ^ Inch we 
should not recen e if they had not occurred 
We come here to be philosophers, and I hope 
you w ill alw aj s remember that wTmncver a result 



26 run CHEMICAL HISTORY OF A CANDLE 

happens, especially if it be new, you should say, 
“What IS the cause-’ Why does it occur and 
you will m the course of time find out the reason 
Then, there is another point about these 
candles which u ill answer a question, — that is, 
as to the way in ivhich this fluid gets out of 
the cup, up the wick, and into the place of 
combustion You know that the flames on 
these burning wicks m candles made of bees- 
wax, stearin, or spermaceti, do not run down to 
the wax or other matter, and melt it all away, 
but keep to their own right place They are 
fenced off from the fluid below, and do not 
encroach on the cup at the sides I cannot 
imagine a more beautiful example than the 
condition of adjustment under which a candle 
makes one part subserve to the other to the 
very end of its action A combustible thing 
like that, burning away gradually, never being 
intruded upon by the flame, is a very beautiful 
sight, especially when you come to learn what 
a vigorous thing flame is — ^what power it has 
of destroying the wax itself when it gets hold 
of it, and of disturbing its proper form if it 
come only too near 
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But lion docs the fiame get hold of the fueP 
There is a beautiful point about that — capillary 
oliraciiva{*) " Capdiarj- attraction’” you say, 
— ^“the attraction of hairs” Well, ne\er mind 
the name it was gi\en in old limes, before wc 
had a good understanding of what the real 
poi’-er was It is by what is called capillary 
attraction that the fuel is con\eycd to tlie part 
where combustion goes on, and is deposited 
there, not in a careless way, but icrji- beauti- 
fully in the ver}* midst of the centre of action 
which takes place around it. Now, I am going 
to give 3’ou one or two instances of capillarv 
attraction It is that kind of action or attrac- 
tion which makes two things that do not 
dissolve in each other still hold together. 
\\hen \’ou wash jour hands, you wet them 
tlioroughly, }*ou take a little soap to make 
the adhesion better, and you find jour hand 
remains wet. This is oy that kind of attraction 
of which I am about to speak And, what is 
more, if jour hands are not soiled fas thej^ 
almost aiw aj's are by the usages of life), if j ou 
put j’-our finger into a little warm water, the 
water wnl creep a little waj’’ up the finger, 
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though you may not stop to examine it I have 
here a substance which is rather porous — a 
column of salt — and I will pour into the plate 
at the bottom, not water, as it appeals, but a 
saturated solution of salt which cannot absorb 
more, so that the action which you see vill 
not be due to its dissolving anything We may 
consider the plate to be the candle, and the salt 
the wick, and this solution the melted tallow 
(I have coloured the fluid, that you. may see the 
action better) You observe that, now I pour 
in the fluid, it rises and gradually creeps up the 
salt higher and higher, and provided the column 
does not tumble over, it will go to the top If 



this blue solution were combustible, and ve 
were to place a wick at the top of the salt, 
it would burn as it entered into the wick » It 
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IS a most curious thing to see this kind of 
action taking place, and to obseu'c how singular 
some of the circumstances are about it \Vhen 
you u ash your hands, you take a towel to wipe 
off the water, and it is by that kind of wetting, 
or that kind of attraction which makes the towel 
become w et w ith w'ater, that the w ick is made 
wet With the tallow I have knowm some care- 
less boys and girls (indeed^ I have knowm it 
happen to careful people as well) who, having/l 
washed their hands and wiped them w'lth a7 

towel, have throwm tlie towel o\er the side of » 

« 

the basin, and before long it has drawn all the 
water out of the basin and conveyed it to the 
floor, because it happened to be thrown over 
the side in such a way as to sen'e the purpose 
of a syphon (^) That } ou may tlie better see 
the wa}'- in which the substances act one upon 
another, I have here a v^essel made of wire 
gauze filled with water, and you may compare 
It in its action to the cotton in one respect, or 
to a piece of calico in the other In fact, w icks 
are sometimes made of a kind of wire gauze 
You will observ^e that this v^essel is a porous 
tiling, for if I pour a little water on to the top, 
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It uill run out at the bottom You would be 
puzzled for a good wdiile if I asked you what 
the state of this vessel is, what is inside it, and 
why it IS there? The vessel is full of water, 
and yet you see the water goes in and runs out 
as if it were empty In order to prove this to 
you, I have only to empty it The reason is 
this, — the virc, being once welted, remains uet , 
the meshes are so small that the fluid is 
attracted so strongly from the one side to the 
other, as to remain in the vessel although it 
IS porous In like manner the particles of 
melted tallow ascend the cotton and get to the 
top , other particles then follow by their mutual 
attraction for each other, and as they reach the 
flame they are giadually burned 

Here is another application of the same 
principle You sec this bit of cane I have 
seen boys about the streets, who aie very 
anxious to appear like men, take a piece of 
cane, and light it and smoke it, as an imita- 
, tion of a cigar They are enabled to do 
so by the p grmeab flity_^of th e cane^ in one 
direction, and by its capillarity If I place 
this piece of cane on a plate containing 
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some campliin (winch is very much like 
paraffin m its general chaiacter), exactly 
in the same manner as the blue fluid rose 
through the salt will this fluid rise through 
the piece of cane Theie being no poies at 
the side, the fluid cannot go in that direction, 
but must pass through its length Already 
the fluid IS at the top of the cane now I 
can light it and make it serve as a candle 
The fluid has risen by the capillary atti action 
of the piece of cane, just as it does through 
the cotton in the candle 
Now, the only reason why the candle docs 
not burn all down the side of the wick is, 
that the melted tallow extinguishes the flame 
You know that a candle, if turned upside 
down, so as to allow the fuel to lun upon 
the wick, will be put out The reason is, 
that the flame has not had time to make the 
fuel hot enough to bum, as it does above, 
where it is carried in small quantities into 
the wick, and has all the effect of the heat 
exeicised upon it 

There is another condition which jmu must t 
learn as icgards tlie candle, without uhich 
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you would not be able fully to understand 
the philosophy of it, and thfit is the vaporous 
condition of the fuel In order that you 
may understand that, let me sheAV you a 
very pretty, but A'^ery common -place experi- 
ment If you blow a candle out cleverly, 
you will see the vapour rise fiom it You 
have, I knoAV, often smelt the vapour of a 
blown-out candle — and a very bad smell it 
IS , but if you blow it out cleverly, you will 
be able to see pretty well the vapour into 
which this solid matter is transformed I 
Avill blow out one of these candles in such a 
Avay as not to disturb the air around it, by 
the continuing action of my breath , and now, 
if I hold a lighted taper two or three inches 
from the wick, you aviH observe a tram of 
fire going through the air till it reaches the 
candle I am obliged to be quick and ready, 
because, if I allow the vapour time to cool, 
it becomes condensed into a liquid or solid, 
or the stream of combustible matter gets 
disturbed 

Now, as to the shape or form of the flame 
It concerns us much to know about the con- 
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dition which the matter of the candle finally 
assumes at the top of the wick— where you 
have such beauty and brightness as nothing 



but combustion or flame can pioduce You 
have the glittering beauty of gold and silver, 
and the still higher lustre of jewels, like the 
ruby and diamond , but none of these rival 
the brilliancy and beauty of flame What 
diamond can shine like flame ? It owes its 
lustre at night-time to the very flame shining 
upon it The flame shines in darkness, but 
the light which the diamond has is as nothing 
until the flame shine upon it, when it is 
brilliant again The candle alone shines by 
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itself, and for itself, or for those who ha\c 
arranged the materials Now, let us look a 
little at the form of the flame as you sec it 
under the glass shade It is steady and equal, 
and its general form is that which is repre- 
sented in the diagram, varying with atmo- 
spheric disturbances, and also varying according 
to the size of the candle It is a bright 
oblong — ^brighter at the top than towards the 
bottom — with the w'lck m the middle, and 



besides the wick in the middle, coitain darker 
parts tow’ards the bottom, where the ignition 
IS not so perfect as in the part above 1 ha\c 
a drawing licre, sketched many \cars ago by 



SHADOW OF FLAME 


35 


Hooker, ^^hen lie made his investigations It 
IS the drawing of the flame of a lamp, but it 
will apply to the flame of a candle The cup 
of the candle is the vessel or lamp, the 
melted spermaceti is the oil, and the wack is 
common to both Upon that he sets this 
little flame, -arid then he represents what is 
true — a certain quantity of matter rising about 
it w'hich you do not see, and ivhich, if you 
have not been here before, or are not familiar 
with the subject, you wall not know of He 
has heie repiesented the parts of the sur- 
rounding atmosphere that are very essential to 
the flame, and that are always present wath it 
There is a current formed, which draws the 
flame out — for the flame wdiich 3 ou see is 
leally drawn out by the current, and drawm 
upw^aid to a gieat height — ^just as Hooker 
has heie shewm you by that prolongation of 
the current in the diagram You may see 
this by taking a lighted candle, and putting 
It in the sun so as to get its shadow thrown 
on a piece of paper How remarkable it is 
that that thing which is light enough to 

produce shadows of other objects, can be 

C 
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made to throw its o\\n shadow on a piece 
of white paper or caid, so that you can 
actually sec streaming round the flame some- 
thing which IS not part of the flame, but is 
ascending and drawmg the flame upwards 
Kow, I am going to imitate the sunlight, by 
applying the voltaic battery ter tlic electric 
lamp You now see our sun, and its great 
luminosity, and by placing a candle betnecn 
It and the scicen, we get the shadow of the 
flame You observe the shadow of the candle 
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and of the wick , then there is a darkish 
part, as represented m the diagram, and then 
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a pait \\liich IS moic distinct Cuuously 
enough, however, what we see in the shadow 
as the darkest pait of the flame is, m reality, 
the biightcst part, and here you see stream- 
ing upwards the ascending current of hot air,^ 
as shewn by Hooker, whicli diaw's out the 
flame, supplies it with air, and cools the sides 
of the cup of melted fuel 

I can give >ou here a little furthei illustia- 
tion, for the puiposc of shewing you how 
flame goes up or down, according to the 
current I have here a flame — it is not a 
candle flame — but you can, no doubt, by this 
time, genciahsc enough to be able to compare 
one thing with another What I am about to 
do IS to change the ascending cuiient that 
takes the flame upwaids into a descending 
cuirent This I can easily do by the little 
apparatus you sec before me The flame, as 
I have said, is not a candle flame, but it is 
produced by alcohol, so that it shall not 
smoke too much I will also colour the flame^^^^ 
W'lth another s ubstan ce (®), so that you may 
tiace Its course, for wuth the spiiit alone you 
could hardly see well enough to have the 
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opportunity of tracing its diiection By light- 
ing this spint-of-wine, we have then a flame 
produced , and you observe that when held m 
the air, it naturally goes upwards You 
understand now easily enough why flames go 
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up under orainary circumstances — it is because 
of t he drau ght of air by wl^ch the combustion 
I S forme d But now, by blowing the flame 
down, you see I am enabled to make it go 
downvaids into this little chimney — the direc- 
tion of the current being changed Before we 
have concluded this course of lectin cs, we shall 
shew you a. lamp in w'hich the flame goes up 
and the smoke goes down, or the flame goes 
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do\\n and Ihe smoke goes up You see, then, 
that ne have the power in this way of var>- 
ing the flame in different directions 

There are now' some other points that I 
must bring before you ]\Iany of the flames 
you see here \ar)’^ %cr} much in their shape 
by the currents of air blowing around them 
in different directions , but w e can, if w e like, 
make flames so that they w ill look like fixtures, 
and we can photograph them — indeed, we ha\e 
to photograph them — so that they become 
fixed to us, if wc wish to find out eierything 
concerning them That, however, is not the 
only thing I wish to mention If I take a 
flame sufficiently large, it does not keep that 
homogeneous, that unifoim condition of shape, 
but it breaks out with a pow'er of life wdiich 
IS quite wonderful I am about to use another 
kind of fuel, but one which is truly and fairly 
a representative of the wax or tallow of a 
candle I hav'e here a large ball of cotton, 
which will serve as a wick And, now that I 
hav^e immersed it m spirit and applied a light 
to It, m what way does it differ from an 
ordinary candle ^ ^Yhy, it differs v'^cry much 
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in one respect, that we have a vivacity and 
power about it, a beauty and a life entiiely 
different from the light presented by a candle 
You see those fine tongues of flame rising up 
You have the same general disposition of the 
mass of the flame from below upwards, but, in 
addition to that, you have this remarkable 
breaking out into tongues which you do not 
perceive in the case of a candle Now, why 
is this ? I must explain it to you, because 
when you understand that perfectly, you will 
be able to follow me better in what I have to 
say hereafter I suppose some here will have 
made for themselves the expeiiment I am 
going to shew you Am I right in supposing 
that anybody here has played at snapdragon ? 
I do not know a more beautiful illustration 
of the philosophy of flame, as to a certain 
part of its history, than the game of snap- 
dragon First, here is the dish , and let me 
say, that when you play snapdragon properly, 
you ought to have the dish well-warmed , you 
ought also to have warm plums and warm 
brandy, which, however, I have not got When 
you have put tlie spirit into the dish, you have 
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the cup and the fuel , and are not the raisins 
acting like the wicks ^ I now throw the 
plums into the dish, and light the spirit, and 
you see those beautiful tongues of flame that I 
refer to You ha%'e the air creeping in over 
the edge of the dish forming these tongues 
Why ? Because, through the force of the 
current and the irregularity of the action of 
the flame, it cannot flow in one uniform 
stream The air flows 111 so irregularly that 
you have what would otherwise be a smgle 
image, broken up into a vanety of forms, and 
each of these bttle tongues has an independent 
existence of its own Indeed, I might say, 
you have here a multitude of independent 
candles You must not imagine, because you 
see these tongues all at once, that the flame 
IS of this particular shape A flame of that 
shape is never so at any one time Never is 
a body of flame, like that which you just saw 
rising from the ball, of the shape it appears 
to you It consists of a multitude of different 
shapes, succeeding each other so fast that the 
eye is only able to take cognisance of them 
all at once In former times, I purposely 
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analysed a flame of that general character, 
and the diagram shews you the different parts 
of which it IS composed They do not occur 
all at once it is only because we see these 
shapes in such rapid succession, that they seem 
to us to exist all at one time 

It IS too bad that we have not got further 
than my game of snapdragon , but we must not, 
under any circumstances, keep you beyond your 
time It will be a lesson to me in future to 



hold you more strictly to the philosophy of the 
thing, than to take up your time so much with 
these illustrations 




LECTURE II 


A CANDLE BRIGHTNESS OF THE FLAME — AIR 
NECESSARY FOR COMBUSTION — PRODUCTION 
OF WATER 

W E were occupied the last time we met m 
considering the general character and 
arrangement as regards the fluid portion of a 
candle, and the way in which that fluid got into 
the place of combustion You see, when we 
have a candle burning fairly in a regular, steady 
atmosphere, it will have a shape something like 
the one shewn in the diagram, and will look 
pretty uniform, although very curious in its 
character And now, I have to ask .your 
attention to the means by which we are enabled 
to ascertain what happens in any particular 
part of the flame — why it happens, what it does 
in happening, and where, after all, the whole 
candle goes to because, as you know very well, 
a candle being bi ought befoie us and burned, 
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disappears, if burned pioperly, without the least 
trace of dirt in the candlestick — and this is a 
very curious circumstance In order, then; to 
examine this candle carefully, I have arranged 
certain apparatus, the use of w’hich you wall see 
as I go on» Here is a candle I am about to 
put the end of this glass tube into the middle 
of the flame — into that part w'hich old Hooker 



has represented in the diagram as being rather 
dark, and which you can see at any time, if you 
wall look at a candle carefully, without blowing 
it about We will examine this dark part first 
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No^^, I take this fcent glass tube, and intio- 
duce one end into that part of the flame, and 
you see at once that something is coming from 
the flame, out at the othei end of the tube, and 
if I put a flask there, and leave it for a little 
while, you will see that something from the 
middle part of the flame is gradually drawn out, 
and goes through the tube and into that flask, 
and there behaves very differently fiom what it 
does in the open air It not only escapes from 
the end of the tube, but falls down to the bottom 
of the flask like a heavy substance, as indeed it 
IS We find that this is the wax of the candle 
made into a vaporous fluid — not a gas (You 
must learn the difference between a gas and a 
vapour a gas remains permanent, a vapoui is 
something that will condense ) If you blow out a 
candle, you perceive a very nasty smell, resulting 
from the condensation of this vapour That is 
very different from what you have outside the 
flame, and, in order to make that moie clear to 
you, I am about to produce and set fire to a 
larger portion of this vapour — for what we have 
in the small way in a candle, to understand 
thoroughly, we must, as philosophers, produce 
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in a larger way, if needful, that we may examine 
the different parts And now Mr Anderson 
will give me a source of heat, and I am about to 
shew you what that vapour is Here is some 
wax in a glass flask, and I am going to make it 
hot, as the inside of that candle-flame is hot, 
and the matter about the wick is hot [The 
Lecturer placed some wax in a glass flask, and 
heated it over a lamp] Now, I daie say that is 
hot enough for me You see that the wax 
I put in it has become fluid, and there is a 
little smoke coming from it We shall very 
soon have the vapour rising up I will make it 
still hotter, and now we get more of it, so that I 
can actually pour the vapour out of the flask 
into that basin, and set it on fire there ,This^ 
then, is exactly the same kind of vapour as we 
have in the middle of the candle , and that you 
may be sure this is the case, let us tty whether 
we have not got here, in this flask, a real com- 
bustible vapour out of the middle of the candle 
[Taking the flask into which the tube from the 
candle proceeded, and introducing a lighted 
taper] See how it burns Now, this is the 
vapour from the middle of the candle, produced 
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by its own heat, and that is one of the first 
■things 30U have to consider vith respect to the 
progress of the wax m the course of its combus- 
tion, and as regards the changes it undergoes 
I will arrange another tube carefully m the 
flame, and I shouM not wonder if we were able, 
by a little care, to get that vapour to pass 
through the tube to the other extremit}', where 
w e w ill light it, and obtain absolutely the flame 
of the candle at a place distant from it Now, 
look at that Is not that a vcrj^ pretty experi- 
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mcnt? Talk about la^ung on gas — Xvhy'we can 
actually lay on a candle' And see from 
this that there are cleaily two different kinds of 
action — one the pi eduction of the \apour, and 
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the otlici the combustion of it — both of which 
take place in particular parts of the candle 
I shall get no vapour from that part which is 
already burnt If I raise the tube (fig 7) to the 
upper part of the flame, so soon as the vapoui 
has been swept out, what comes away will be no 
longer combustible It is already burned How 
burned? Why, burned thus — In the middle of 
the flame, where the wick is, there is this com- 
bustible vapour, on the outside of the flame is 
the air which we shall find necessaiy for the 
burning of the candle, between the two, intense 
chemical action takes place, whereby the air and 
the fuel act upon each other, and at the very 
same time that we obtain light the vapour inside 
IS destroyed If you examine where the heat 
of a candle is, you will find it very curiously 
aiianged Suppose I take this candle, and hold 
a piece of paper close upon the flame, wdiere is 
the heat of that flame ^ Do you not see that it 
IS not in the inside? It is in a ring, exactly in 
the place wheic I told you the chemical action 
was, and even in my irregular mode of making 
the experiment, if there is not too much dis- 
tuibancc, theie will always be a ring Tins is a 
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good cxpcnmcnt foi you to make at home 
Take a strip of paper, have the an in the room 
quiet, and put tlie piece of paper right across the 
middle of the flame (I must not talk while I 
make the cxpeiiment), and you a\i11 find that 
it IS burnt m two places, and that it is not burnt, 
or ver}’’ little so, in the middle, and when you 
liave tried the experiment once or tw ice, so as 
to make it niccl)'’, )’ou will be very interested to 
see Avhere the heat is, and to find that it is wdicic 
the air and the fuel come together 

This IS most important foi us as we proceed 
wi^h our subject Air is absolutely necessary 
for combustion, and, what is more, I must have 
you understand that ftesh air is neccssaiy, or 
else w'c should be imperfect in our reasoning 
and our cxpciiments Here is a jar of air, I 
place it over a candle, and it burns very nicely 
in it at fiist, shewing that wdiat I have said 
about it IS true, but there wall soon be a change 
Sec how the flame is drawing upwards, presently 
fading, and at last going out And going out, 
W'hy? Not because it wants air merely, for the 
jar IS as full now^ as it was before , but it w'ants 
pure, fresh air The jai is full of air, partly 
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changed, parlK not changed, bat it docs not 
contain sufficient of the fresh air uhich is ncces- 
sar}' for the combustion of a candle These are 
all points uhich we as >oung chemists, ha\e to 
gather up, and if we look a little more closcl}’’ 
into this kind of action, we shall find certain 
steps of reasoning extremely interesting For 
instance, hero is the oil-lamp I shewed jou — an 
excellent lamp for our experiments — the old 
Argand lamp I now make it like a candle 
[obstructing the passage of air into the centre of 
the flame], there is the cotton, there is the oil 
rising up it, and there is the conical flame It 
burns poorh because there is a partial restraint 
of air I ha\c allowed no air to get to it, save 
round the outside of the flame, and it docs not 
burn well I cannot admit more air from the 
outside, because the wick is large, but if, as 
Argand did so clc\crly, I open a passage to the 
middle of the flame, and so let air come in there, 
j"ou w ill sec how' much more beautifully it bums 
If I shut the air off, look how it smokes, and 
whj? We have now' some very interesting 
points to study We have the case of the 
combustion of a candle, we ha\c the ease of a 
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candle being put out by the Avant of air, and we 
have now the case of imperfect combustion, and 
this is to us so interesting, that I want you to 
understand it as thoioughly as you do the case 
of a candle burning in its best possible manner 
I Avill now make a great flame, because we need 
the largest possible illustrations Here is a 
larger ivick [burning turpentine on a ball of 
cotton] All these things are the same as 
candles, after all If we have larger wicks, we 
must have a laiger supply of air, or we shall 
have less perfect combustion Look now at this 
black substance going up into the atmosphere, 
there is a regular stream of it I have provided 
means to carry off the imperfectly burned part, 
lest it should annoy you Look at the soots 
that fly off fiom the flame see udiat an imper- 
fect combustion it is, because it cannot get 
enough air What, then, is happening Why, 
certain things Avhich are necessary to the 
combustion of a candle are absent, and very 
bad results are accordingly produced , but we see 
what happens to a candle when it is burnt in a 
pure and proper state of air At the time Avhen 

I shelved you this charring by the ring of flame 

D 
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on the one side of the paper, I might have also 
shewn you, by turning to the other side, tliat 
' the burning of a candle produces the same kind 
of soot — charcoal or carbon 

But, before I shew that, let me explain to 
you — as it IS quite necessary for our purpose — 
that, though I take a candle and give you, as 
tlie general result, its combustion in the form 
of a flame, we must see whether combustion is 
always m this condition, or whether there aie 
other conditions of flame, and we shall soon 
discover that there are, and that they are most 
important to us I think, perhaps, the best 
illustration of such a point to us, as juveniles, is 
to shew the result of strong contrast Here is 
a little gunpowder You know”^ that gunpowder 
burns with flame — we may fairly call it flame 
It contains carbon and other materials, which 
altogether cause it to burn w'lth a flame And 
here is some pulverised iron, or iron filings 
Now, I purpose burning these tw^o things to- 
gether I have a little mortar in -which I -will 
mix them (Before I go into these experi- 
ments, let me hope that none of you, by trying 
to repeat them, for fun’s sake, will do any harm 
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These things may all be very properly used if 
you take care , but without that, much mischief 
will be done) Well, then, here is a little gun- 
powder, which I put at the bottom of that little 
wooden vessel, and mix the iron filings up \Mth 
it, my object being to make the gunpowder set 
file to the filings and bum them in the air, and 
tliereby shew the difference between substances 
burning with flame and not with flame Here 
IS the mixtuie, and when I set fire to it, you 
must watch the combustion, and you will see 
that it IS of two kinds You will see the gun- 
powder burning with a flame, and the filings 
thrown up You will see them burning too, 
but without the production of flame They 
will each burn separately [The Lecturer then 
Ignited the mixture] There is the gunpowder, 
which burns with a flame, and there are the 
filings — they burn with a different kind of com- 
bustion You see, then, these two great dis- 
tinctions, and upon these differences depend 
all the utility and all the beauty of flame 
which we use for the purpose of giving out 
light When we use oil, or gas, or candle, 
for the purpose of illumination, their fitness 
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all depends upon these diffeient kinds< of com- 
bustion 

There are such curious conditions of flame, 
that it requires some cleverness and nicety of 
discrimination to distinguish the kinds of com- 
bustion one from another For instance, here 
is a powder which is veiy combustible, consist- 
ing, as you sec, of separate little particles It is 
called lycopodium f), and each of these particles 
can produce a vapour, and produce its own 
flame, but, to see them burning, you would 
imagine it was all one flame I will now set 
fire to a quantity, and you will see the effect 
We saw a cloud of flame, apparently in one 
body, but that rushing noise [referring to the 
sound produced by the burning] was a proof 
that the combustion was not a continuous or 
regular one, This is the lightning of the pan- 
tomimes, and a very good imitation [The 
experiment was twice repeated by blowing 
lycopodium from a glass tube through a spirit- 
flame] This IS not an example of combustion 
like that of the filings I have been speaking 
of, to which we must now return 

Suppose I take a candle, and examine that 
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part of It which appears brightest to our eyes 
Why, there I get these black particles, which 
already you have seen many times evolved from 
the flame, and which I am now about to evolve 
m a different way I will take this candle and 
clear an ay the gutterage, which occuis by 
reason of the currents of air, and if I now 
arrange a glass tube so as just to dip into this 
luminous part, as m oui first experiment, only 
higher, you see the result In place of having 
the same white vapour that you had before, you 
will now have a black vapour There it goes, 
as black as ink It is certainly very different 
from the white vapour , and when we put a light 
to ifr, we shall find that it does not burn, but 
' that It puts the light out Well, these particles, 
as I said before, are just the smoke of the 
candle , and this brings to mind that old 
employment which Dean Swift recommended to 
servants foi their amusement, namely, writing 
on the ceiling of a room with a candle But 
what IS 'that black substance^ Why, it is the 
same carbon which exists in the candle How 
comes It out of the candle ? It evidently 
existed in the candle, or else we should not 
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have had it heie And now I want you to 
follow me in this explanation You would 
hardly think that all those substances which 
fly about London, in the form of soots and 
blacks, are the very beauty and life of the 
flame, and which are burned m it as those iron 
filings were burned heie Heie is a piece of 
wire gauze, which will not let the flame go 
through it, and I think you will see, almost 
immediately, that when I bring it low enough 
to touch that part of the flame which is other- 
■\vise so bright, that it quells and quenches 
it at once, and allows a volume of smoke to 
rise up 

I want you now to follow me m this point, — 
that whenever a substance bums, as the iron 
filings burnt in the flame of gunpowder, with- 
out assuming the vaporous state (whether it 
becomes liquid or lemams solid), it becomes 
exceedingly luminous I have here taken three 
or four examples apart from the candle, on 
purpose to illustrate this point to you , because 
what I have to say is applicable to all sub- 
stances, whether they burn or whether they do 
not burn, — that they are exceedingly bright if 
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they retain their solid state, and that xt is to 
this presence of solid particles in the candle- 
fiame that it oves its brilliancy 

Here is a platinum-wne, a body which does 
not change by heat. If I heat it in this flame, 
see hoxv exceedingly luminous it becomes I 
■will make the flame dim, for the purpose of 
gninga little light only, and jet }ou will see 
that the heat which it can gi\e to that plati- 
num-wire, though far less than the heat it has 
Itself, IS able to raise the platinum-wire to a 
far higher state of effulgence This flame has 
carbon in it, but I will take one that has no 
carbon m it There is a material, a kind of 
fuel — a \apour, or gas, whichever >ou like to 
call it — in that vessel, and it has no solid par- 
ticles in it, so I take that because it is an 
example of fiame itself burning without any 
solid matter whatever, and if I now' put this 
solid substance in it, you see w'hat an intense 
heat it has, and how' brightly it causes the 
solid body to glow' This is the pipe through 
which W'C come), this particular gas, which wc 
call hydrogen, and which j'ou shall know' all 
about next lime w c meet. And here is a sub- 
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stance -called oxygen, by means of which this 
hydrogen can bum, and although we produce, 
by their mixture, far gi eater heat (®) than you 
can obtain from the candle, yet there is very 
little light If, however, I take a solid sub- 
stance, and put that into it, we produce an 
intense light If I take a piece of lime, a 
substance which will not burn, and which will 
not vaporise by the heat (and because it docs 
not vaporise, remains solid, and remains heated), 
you will soon obseiwe Avhat happens as to its 
glowing I have here a most intense heat, 
produced by the burning of hydrogen in con- 
tact with the oxygen, but there is as yet 
veiy little light — not for want of heat, but for 
want of particles which can retain their solid 
state, but when I hold this piece of lime in 
the flame of the hydrogen as it burns in the 
ox3'^gen, see how it glows' This is the glorious 
lime-light, which rivals the voltaic-light, and 
which IS almost equal to sunlight I have here 
a piece of carbon or charcoal, which will burn 
and give us light exactly in the same manner 
as if it weie burnt as part of a candle The 
heat that is in the flame of a candle decomposes 
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the vapour of the wax, and sets free the carbon 
particles — they rise up heated and glowing as 
this noAv glows, and then enter into the air 
But the particles vhen burnt never pass off 
fiom a candle in the form of caibon They 
go off into the air as a peifectly invisible sub- 
stance, about which we shall know hereafter 

Is it not beautiful to think that such a process 
is going on, and that such a dirty thing as 
charcoal can become so incandescent? You 
see it comes to this — that all blight flames 
contain these solid pai tides, all things that 
burn and produce solid particles, either duiing 
the time they are burning, as m the candle, 
or immediately after being burnt, as in the 
case of the gunpowder and iron-filings, — all 
these things give us this glorious and beauti- 
ful light 

I will give you a few illustrations Here is 
a piece of phosphoius, which burns with a 
bright flame Very well , we may now con- 
clude that phosphorus will produce, either at 
the moment that it is burning or afteiwaids, 
these solid pai tides Here is the phosphorus 
lighted, and I cover it over with this 'glass for 
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the purpose of keeping in what is produced 
What IS all that smoke ^ That smoke con- 
sists of those very particles which arc pro- 
duced by the combustion of the phosphorus 
Here, again, are two substances This is 
chlorate of potassa, and this other sulphurct 



of antimony I shall mix these together a 
little, and then they may be burnt in many 
ways I shall touch them with a drop of 
sulphuric acid, for the purpose of giving you 
an illustration of chemical action, and they 
will instantly burn f) [The Lecturer then 
Ignited the mixtuie by means of sulphuric 
acid] Now, from the appearance of things, 
3mu can judge for yourselves whether they 
produce solid matter m buinmg I have given 
you the tram of reasoning which will enable 
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you to say u bother they do or do not , for 
uhat IS this bright flame but the solid par- 
ticles passing off^ 

Jylr Anderson has in the furnace a veiy’- hot 
crucible, — I am about to throw into it some 
zinc filings, and they will burn %\ith a flame 
like gunpouder I make this experiment 
because you can make it well at home Now, 
I nant you to see what will be the icsult of 
the combustion of this zinc Here it is burn- 
ing — burning beautifully like a candle, I may 
say But uhat is all that smoke, and uhat 
are those little clouds of "wool 11111011 mil come 
to you if you cannot come to them, and make 
themselics sensible to you in the form of the 
old philosophic Mool, as it was called? We 
shall have left in that crucible, also, a quantity 
of this wooll)'- matter But I mil take a piece 
of this same zinc and make an experiment a 
little more closely at home, as it iicie You 
will ha\ e here the same thing happening Here 
IS the piece of zinc, there [pointing to a jet of 
hjdrogcn] is the furnace, and we mil set to 
Mork and try and burn the metal It glows, 
you see thcie is the combustion, and there is 
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the white substance into which it burns And 
so, if I take that flamiJ of hydrogen as the 
representative of d candle, and shew you a 
substance like zinc burning in the flame, you 
will sec that it was meicly during the action of 
combustion that this substance glowed — while 
it was kept hot , and if I take a flame of 
hydiogen, and put this white substance from 
the zinc into it, look how beautifully it glows, 
and just because it is a solid substance 

I will now take such a flame as I had a 
moment since, and set free from it the particles 
of carbon Heie is some camphine, which will 
bum with a smoke, but if I send these particles 
of smoke through this pipe into the hydrogen 
flame, you will see they will burn and become 
luminous, because we heat them a second 
time There they are Those are the par- 
ticles of carbon re-ignited a second time 
They are those particles which you can easily 
see by holding a piece of paper behind 
them, and ivhich, ivliilst they are in the flame, 
are ignited by the heat produced, and, when 
so Ignited, produce this brightness When 
tlie particles are not separated, you get no 
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brightness The flame of coal-gas owes its 
brightness to the separation, during combus- 
tion, of these particles of carbon, -which are 
equally in that as in a candle I can very 
quickly alter that arrangement Here, for 
instance, is a bright flame of gas Supposing 
T add so much air to the flame as to cause 
it all to burn before those particles are set 
free, I shall not have this brightness , and I 
can do that in this way. — If I place over the 
jet this wire-gauze cap, as you see, and then 
light the gas over it, it burns -with a non- 
lummous flame, owing to its having plenty of 
air mixed with it before it burns , and if I raise 
the gauze, you see it does not burn below (™) 
There is plenty of carbon in the gas , but, 
because the atmosphere can get to it, and mix 
with it before it burns, you see how pale and 
blue the flame is And if I blow upon a 
bright gas -flame, so as to consume all this 
carbon before it gets heated to the glowing 
point. It will also burn blue [The Lecturei 
illustrated his remarks by blowing on the gas- 
light] The only reason why I have not tlie 
same bright light when I thus blow upon the 



64 THE CHCMIC IL HISTORY OR A C lYDLr 

flame is, that the carbon meets with snfiicient 
air to burn it bcfoie it gets separated in the 
flame in a free state The difiercnce is solely 
due to the solid particles not being separated 
before the gas is buint 

You observe that there are certain products 
as the result of the combustion of a candle, 
and that of these pioducts one portion may be 
considered as charcoal, or soot, that charcoal, 
when afterwards burnt, produces some other 
product, and it concerns us very much now to 
ascertain what that other product is We 
shewed that something was going away, and I 
want you now to understand how much is going 
up into the air, and for that purpose we will have 
combustion on a little larger scale From that 
candle ascends heated air, and two or three 
experiments will shew you the ascending cur- 
rent, but, in order to give you a notion of, the 
quantity of matter which ascends in this way, I 
will make an experiment by which I shall try to 
imprison some of the products of this combustion 
For this purpose I have here what boys call a 
fire-balloon I use this fire-balloon merely as a 
soit of measure of the result of the combustion 
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\\ e are considering , and I am about to make a 
flame m such an easy and simple manner as 
shall best ser\'e my present purpose This plate 
shall be the “cup,” we will so say, of the candle, 
this spirit shall be our fuel , and I am about to 
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place this chimney over it, because it is better 
for me to do so than to let things proceed at 
random Mr Anderson wull now light the fuel. 
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and here at the top we shall get the results 
of the combustion What we get at the top of 
that tube is exactly the same, generally speaking, 
as you get fiom the combustion of a candle, but 
we do not get a luminous flame here, because 
we use a substance which is feeble m carbon I 
am about to put this balloon — not into action, 
because that is not my object — ^but to shew you 
the effect which results from the action of those 
products which arise from the candle, as they 
arise here from the furnace [The balloon was 
held over the chimney, when it immediately 
commenced to fill] You see how it is disposed 
to ascend , but we must not let it up, because it 
might come in contact with those upper gas- 
lights, and that would be very inconvenient 
[The upper gas-lights were turned out, at the 
request of the Lecturer, and the balloon was 
allowed to ascend ] Does not that shew you 
what a large bulk of matter is being evolved^ 
Now, theie is going through this tube [placing a 
large glass tube over a candle] all the products 
of that candle, and you will presently see that 
the tube will become quite opaque Suppose I 
take another candle, and place it under a jar, 
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and then put a light on the other side, just to 
shew you what is going on You see that the 
sides of the jar become cloudy, and the light 
begins to burn feebly It is the products, jou 
see, which make the light so dim, and this is the 
same thing which makes the sides of the jar so 
opaque If you go home and take a spoon that 
has been in the cold air, and hold it over a 
candle — not so as to soot it — ^jmu will find that 
it becomes dim, just as that jar is dim If you 
can get a silver dish, or something of that kind, 
you will make the experiment still better And 
now, just to c^rry your thoughts foiward to the 
time we shall next meet, let me tell you that it 
is water which causes the dimness , and when we 
next meet, I will shew you that we can make it, 
AVithouJ; difficulty, assume the form of a liquid 
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PRODUCTS ^^ATER FROM THE CO?inLSTIOX — 
NATURE or ^\ATER — A COMPOUND — mDRO- 
GEN 

I DARE sa) you ■will remember that ^\hen 
Me parted ue had just mentioned the ivord 
“products” from the candle For Mhcn a 
candle bums ue found \vc were able, by nice 
adjustment, to get various products from it 
There vas one substance vhich was not 
obtained ulicn the candle uas burning pro- 
perly, vhich was charcoal or smoke, and thcie 
M’as some other substance that went upwards 
from the flame which did not appear as smoke, 
but took some other form, and made part of 
that general current which, ascending fiom the 
candle upwards, becomes invisible, and escapes 
There were also other products to mention 
You remember that in that risine current havma- 
Its origin at the candle, we found that one part 
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was condensable against a cold spoon, or 
against a clean plate, or anr other cold thing, 
and another part was incondensable 

\Vc will first take the condensable part, and 
examine it, and, strange to say, we find that 
- that part of the product is just water — nothing 
but w'ater On the last occasion I spoke of it 
incidentally, merely sa\mg that water was 
pioduccd among the condensable products of 
the candle, but to-day I wish to draw jour 
attention to water, that we may examine it 
crrefullj’, especially in relation to this subject, 
and also with respect to its general existence on 
the surface of the globe 

Now, having previously arranged an experi- 
ment for the purpose of condensing water from 
the products of the candle, my next point will 
be to shew you this water, and perhaps one of 
the best means that I can adopt for shewing its 
presence to so many at once, is to exhibit a \ ery 
visible action of A\ater, and then to 3.pp\y that 
test to what is collected as a drop at the bottom 
of that \essel I have here a chemical sub- 
stance, discovered bj* Sir Humphrey Davj'-, 
which has a very energetic action upon water, 
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which I shall use as a test of the presence of 
water If I take a little piece of it — it is called 
potassium, as coming fiom potash, — if I take a 
little piece of it, and throw it into that basin, 
j^ou see how it shews the presence of water by 
lighting up and floating about, burning with a 
violent flame I am now going to take away 
the candle which has been burning beneath the 
vessel containing ice and salt, and you sec a 
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diop of water — a condensed product of the 
candle — hanging from under the surface of the 
dish I will shew you that potassium has the 
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same action upon it as upon the A\ater in that 
basin in the experiment ue hav^e just tried 
See, It takes fire, and burns in just the same 
manner I will take anothci drop upon this 
glass slab, and w hen I put the potassium on to 
it, you see at once, from its taking fiie, that 
there is uater present Now, that water w'as 
produced by the candle In the same manner, 
if I put this spirit-lamp under that jar, you will 
soon see the latter become damp, from tlie dew 
wdiich IS deposited ^upon it — that dew being the 
result of combustion, and I have no doubt you 
wall shortly sec by the drops of water which fall 
upon the paper below', that there is a good deal 
of water produced from the combustion of tlie 
lamp I will let it remain, and jou can after- 
wards see how' much water has been collected 
So, if I take a gas-lamp, and put any cooling 
arrangement over it, I shall get w'atcr — ^water 
being likewise produced from the combustion 
of gas Here, in this bottle, is a quantity of 
W'ater — perfectly pure, distilled w'ater, produced 
from the combustion of a gas-lamp — in no point 
different from the water that you distil from the 
river, or ocean, or spring, but exactly the same 
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thing Water is one individual thing — it never 
changes We can add to it by carefuj adjust- 
ment, for a little while, or we can take it apart, 
and get other things from it, but water, as 
water, remains always the same, either in a 
solid, liquid, OK. fluid state Here, again [holding 
another bottle], is some w^ater produced by the 
combustion of an oil-lamp A pint of oil, when 
burnt faiily and properl)'’, produces lather moje 
than a pint of w'ater Here, again, is some 
•water, pioduced by a rather long experiment 
from a wax candle And so we can go on with 
almost all combustible substances, and find 
that if they burn with a flame, as a candle, they 
produce w^ater You may make these experi- 
ments yourselves The head of a poker is a 
veiy good thing to try with, and if it remains 
cold long enough over the candle, )'’ou may get 
water condensed m drops on it; or a spoon or 
ladle, or anything else may be used, provided 
it be clean, and can carry off the heat, and so 
condense the water 

And now' — to go into the history of th s 
w'onderful production of w'ater from com- 
bustibles, and by combustion — I must first 
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of all teir)^ou that this water may exist m 
dificrcnt conditions , and although } ou may 
now be acquainted with all its forms, the}’’ 
still require us to give a httlc attention to 
them for the present, so tliat wc may per- 
ceive how the ivatcr, whilst it goes through 
its Protean changes, is entirely and absolutely 
the same thing, whether it is produced fiom 
a candle, by combustion, or from the rivers 
or ocean 

First of all, water, wlicn at the coldest, is 
ice Now, we philosophers — I hope that I 
may class } ou and myself together m tins case 
— speak of water as water, whether it be m 
its solid, or liquid, or gaseous state, — we speak 
of it chemical Iv as water Water is a thinsf 
compounded of two substances, one of which 
w'c ha\e deiivcd from the candle, and the 
other W'C shall find elsewhere Water may 
occur as ice , and you have had most excel- 
lent opportunities lately of seeing this Ice 
changes back into water — for w'e had on our 
last Sabbath a strong instance of this change, 
by the sad catastrophe w'hich occuned in our 
own liouse, as w'cll as m the houses of many 
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of oui fnends, — ice changes back into water 
when tlie temperatuic is raised water also 
changes into steam when it is warmed enougli 
The water which we have here before us is 
in its densest state (”), and although it 
changes in weight, in condition, in form, and 
in many other qualities, it still is water, and 
whether we alter it into ice by cooling, or 
whether -we change it into steam by heat, it 
increases in volume, — in the one case very 
strangely and powei fully, and m the other 
case veiy largely and wonderfully For in- 
stance, I will now take this tin cylinder, and 
pour a little water into it , and seeing how 
much water I pour in, you may easily estimate 
for youi selves how high it will rise in the 
vessel it will cover the bottom about two 
inches I am now about to convert the water 
into steam, for the purpose of shewing to you 
the different volumes which water occupies in 
its different states of water and steam 

Let us now take the case of water changing 
into ice we can effect that by cooling it in 
a mixture of salt and pounded ice (’■■) , and I 
shall do so to shew you the expansion of water 



WATER CHANGED INTO STEAM 


75 


into a thing of larger bulk when it is so 
changed These bottles [holding one] are 
made of strong cast iron, very strong and veiy 
thick — -I suppose they are the third of an inch 
m thickness, they aie very carefully filled 
with water, so as to exclude all air, and then 
they are screwed down tight We shall see 
that when we freeze the water m these iron 
vessels, they will not be able to hold the ice, 
and the expansion within them will break 
them in pieces as these [pointing to some 
fragments] are broken, which have been bottles 
of exactly the same kind I am about to put 
these two bottles into that mixture of ice and 
salt, for the purpose of shewing that when 
water becomes ice, it changes in volume in 
this extraordinary way 

In the mean time look at the change which 
has taken place in the water to which we have 
applied heat — it is losing its fluid state You 
may tell this by two or three circumstances 
I have covered the mouth of this glass flask, 
m which water is boiling, Avith a watch-glass 
Do you see what happens^ It lattles away 
like a valve chattering, because the steam 
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using from the boiling -water sends the valve 
up and down, and forces iti>elf out, and so 
makes It clatter You can very easily per- 
ceive that the flask is quite full of steam, or 
else it would not foicc its way out You sec, 
also, that the flask contains a substance very 
much larger than the water, for it fills the 
whole of the flask over and over again, and 
there it is blowing away into the air, and yet 
you cannot observe any great diminution in 
the bulk of the water, which shews you that 
Its change of bulk is very great when it 
becomes steam. 

I have put our iron bottles containing water 
into this fieezing mixtuie, that y'-ou may see 
what happens No communication wall take 
place, you obseive, between the water in the 
bottles and the ice in the outer vessel But 
there Avill be a conveyance of heat from the 
one to the other, and if ive are successful — 
w't aie making our expeiiment m vei-y great 
haste — I expect you wall by-and-by, so soon 
as the cold has taken possession of the bottles 
and their contents, hear a pop on the occasion 
of the bursting of the one bottle or the other, 
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and, when we come to examine the bottles, 
we shall find their contents masses of ice, 
partly enclosed bj* the covering of iron which 
IS too small for tliem, because the icc is larger 
in bulk than the water You know \ery well 
that ice floats upon water if a boy falls 
through a hole into the water, he tries to get 
on the ice again to float him up Why docs 
tlie ice float ^ — think of that, and philosophise 
Because the ice is larger than the quantity of 
water which can produce it, and therefore the 
ice weighs the hgliter, and the water is the 
hca\ier 

To return now to the aclion of heat on 
water See what a slieani of \apouris issuing 
from this tin \csscl' You observe, we must 
have made it quite full of steam to have it 
sent out in that great quantit}'' And now, as 
we can convert the water into steam by heat, 
ve convert it back into liquid water by the 
application of cold And if we take a glass, 
or any other cold thing, and hold it ov-er this 
steam, see hov soon it gets damp v ith w ater , 
it will condense it until the glass is warm — 
it condenses the v ater which is now running 
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down the sides of it I have here another 
expeument to shew the condensation of water 
from a vaporous state back into a liquid state, 
in the same way as the vapour, one of the 
products of the candle, was condensed against 
the bottom of the dish, and obtained m the 
form of water, and to shew you how truly 
and thoroughly these changes take place, I 
will take this tin flask, which is now full of 
steam, and close the top We shall see what 
takes place when we cause this water or steam 
to return back to the fluid state by pouring 
some cold water on the outside [The Lecturer 
poured the cold water over the vessel, when it 
immediately collapsed] You see what has 
happened If I had closed the stopper, and 
still kept the heat applied to it, it would 
have burst the vessel , yet, when the steam 
returns to the state of water, the vessel collapses, 
there being a vacuum produced inside by the 
condensation of the steam I shew you these 
experiments for the purpose of pointing out 
that in all these occurrences there is nothing 
that changes the water into any other thing — 
it still remains water, and so the vessel is 
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obliged to give way, aii'l is crushed inwards, 
as in the other case, by the further appli- 



cation of heat, it Avould have been blowni 
outw^ards 

And w'hat do you think the bulk of that 
Avatcr IS Aihen it assumes the vaporous con- 
dition ^ You see that cube [pointing to a 
cubic foot] Thcic, by its side, is a cubic inch, 
exactly the same shape as the cubic foot, and 
that bulk of rvatcr [the cubic inch] is suffi- 
cient to expand into that bulk [the cubic foot] 
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of steam, and, on the contrai"}, the application 
of cold will contract that large qu.intity of 
steam into this small quantity of Abater [One 
of the iron bottles burst at that moment] 
Ah ’ There is one of our bottles burst, and 
here you see is a crack down one side an 
eighth of an inch in width [The other now 



exploded, sending the frec7ing mixture in all 
directions] This other bottle is also broken, 
although the non was nearly half-an-inch 
thick, the ice has burst it asunder These 
changes always take place m -watci they do 
not require to be always produced by aitificial 
means, — we only use them here because uc 
uant to produce a small winter round that 
little bottle, instead of a long and severe one 
But if you go to Canada, or to the North, 
you wall find the temperature there out of 
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doors V'fii do the same tiling as lias been 
done here bj the freezing mixture 

To return to our quiet philosophy \Vc shall 
not in future be deceived therefore, by any 
changes that are produced in uater "Water 
IS the same e\cn, where, w hethcr produced from 
tne ocean or from the flame of the candle 
Whcx-e, then, is this water vhich we get from 
a candle ^ I -must anticipate a little, and tell 
you It e\idcntl\ comes, as to part of it, 
from the candle , but is it w ithm the candle 
beforehand ’ Xo It is not in the candle , 
and it IS not in the air round about the 
candle v hich ;S nccessarv for its combustion 
It IS neither m one nor tlie other, but it comes 
from them conjoint action, a part from the 
candle, a part from the air, and this we ha%e 
now to trace, so that v e may understand 
thoroughly what is the chemical h.stoiw' of a 
candle when we ha\e it burning on our table 
How shall we get at this^ I mjself know' 
plent}' of wa}s, but I want to get at it 
from the association in your own minds of 
wliat I ha\e already told )ou 

I tlnnk I ou can see a little in this na^. We 
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had just now the case of a substance %\hich 
acted upon the water in the way that Sir 
Humphrey Davy shewed us ('®), and which I am 
now going to recall to your minds by making 
again an experiment upon that dish It is a 
thing which we have to handle very carefully, 
for you see, if I allow a little splash of water to 
come upon tins mass, it sets fire to part of it, 
and if there were free access of air, it would 
quickly set fire to the whole Now, this is a 
metal — a beautiful and bright metal — which 
rapidly changes in the air, and, as you know, 
rapidly changes m water I will put a piece 
oathe water, and you see it bums beautifully, 
making a flog^ting lamp, using the water in the 
place of air Again, if we take a few iron 
filings or turnings, and put them m water, we 
find that they likewise undergo an alteration 
They do not change so much as this potassium 
does, but they change somewhat m the same 
way, they become rusty, and shew an action 
upon tlie w^ater, though in a different degree 
of intensity to what this beautiful metal does 
but they act upon the w^ater m the same 
manner generally as this potassium I want 
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3’'ou to put these diffeicnt facts together in j'^oui 
mmds I have another metal hcie [zinc], and 
when ve cvamined it nith regaid to the solid 
substance produced by its combustion, we had 
an opportunity of seeing that it burned, and I 
suppose, if I take a little strip of this zinc and 
put it ovei the candle, j'ou will see sometlnng 
half-wa}'-, as it weie, between the combustion 
of potassium on the Avater and the action of 
iron, — ^}>’ou^scc there is a soit of combustion It 
has burned, leaving a white ash oi icsiduum, 
and here also we find that the metal has a 
ceitain amount of action upon watci 

By degrees we have learned how to modify 
the action of these diffcient substances, and to 
make them tell us Aihat we uant to know 
And now, first of all, I take iron It is a com- 
mon thing in all chemical leactions, whcie we 
get any result of this kind, to find that it is 
increased by the action of heat, and if we want 
to e>,.amine minutely and carefully the action of 
bodies one upon another, we often have to refer 
to the action of heat You aie awaic, I believe, 
that iron-filings burn beautifully in the air, 

but I am about to shew jmu an experiment of 

F 
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this kind, because it will impress upon you 
what I am going to say about non in its action 
on water If I take a flame and make it hollow, 
— you know why, because I ivant to get air to 
it and into it, and therefore I make it hollow — 
and then take a few iron-filings and drop them 
into the flame, )'-ou see how well they burn 
That combustion results from the chemical 
action which is going on when w'e ignite those 
particles And so we proceed to consider 
these different effects, and ascertain wdiat iron 
wull do w'hen it meets wuth water It wull 
tell us the story so beautifully, so gradually and 
regularly, that I think it will please you very 
much 

I have here a furnace wuth a pipe going 
through it like an iron gun-barrel, and I have 
stuffed that barrel full of blight iron-turnings, 
and placed it across the fire, to be made red-hot 
We can either send air through the barrel to 
come in contact with the iron, or w^e can send 
steam from this little boiler at the end of the 
barrel Here is a stop-cock which shuts off the 
steam from the barrel until w'e wush to admit it 
There is some w^ater m these glass jars, wdiich 
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I have coloured blue, so that } ou may see what 
happens Now, you know very veil that any 
steam I might send through that barrel, if it 
w^ent through into the vater, would be con- 



densed, for you have seen that steam cannot 
retain its gaseous form if it be cooled down 
'Yon saw it here [pointing to the tin flask] 
crushing itself into a small bulk, and causing 
the flask holding it to collapse, so that if I 
vere to send steam through that barrel, it 
vouid be condensed — supposing the barrel 
were cold it is, therefore, heated to perform 
the experiment I am now about to shew you 
I am going to send the steam through the 
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biircl in small quantities, and you shall judge 
foi yoursches, ulicn )ou see it issue from the 
other end, Avhether it still remains steam 
Steam is condensible into water, and when you 
lower the temperature of steam, you convert it 
back into fluid water, but I have lowered the 
temperature of tho gas wduch I have collected 
m this jar, by passing it through water after it 
has traversed the iron barrel, and still it docs 
not change back into water I will take 
another test and applj' to this gas (I hold 
the jar in an inverted position, or my substance 
w^ould escape) If I now apply a light to the 
mouth of the jar, it ignites W'lth a slight noise 
That tells you that it is not steam Steam puts 
out a fire — it does not burn , but you saw^ that 
what I had in that jar burnt We may obtain 
this substance equally from w'^atcr produced 
from the candle-flame as from any other source 
When it IS obtained by the action of the iron 
upon the aqueous vapour, it leaves the iron in 
a state very similar to that in which these 
filings were after they w'^ere burnt It makes 
the iron heavier than it w'as before So long 
as the iron remains in the tube and is heated. 
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but air I A\ill now tnbc this jai full of the 
gas that I am speaking of, and deal with it as 
though It w'crc a light bod}' I will hold both 
upside-down, and tiiin the one up undci the 
other, and that which did contain the gas 
procured from the steam, what does it contain 
now ^ You will find it now' only contains air 
But look’ Here is the combustible substance 
[taking the othei jar] which I ha\c poured 
out of the one jar into the other It still pre- 
serves Its quality, and condition, and indepen- 
dence, and theicfoie is the moic w'orthy of our 
considciation, as belonging to the products of 
a candle. 

Now', this substance which we have just pre- 
pared by the action of iron on the steam or 
w'ater, w'c can also get b> means of those othci 
things which you have already seen act so well 
upon the w'atci If I take a piece of potassium, 
and make the necessaiy ariangemcnts, it w'lll 
pioduce this gas, and if, instead, a piece of zinc, 

I find, w'hcn I come to examine it vciy care- 
fully, that the mam reason w'hy this zinc can- 
not act upon the w'atci continuously as the- 
other metal docs, is because the result of the 
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action of the \\atcr cn\clopci. tl c zinc in a kind 
of piotccting coat We ha\e learned in con- 
sequence, that if we put into our vessel only 
the zinc and vatcr, they by thcmschcs do not 
gi\ c rise to much action, and we get no result 
But suppose I proceed to dissoKc off this 
varnish — this encumbering substance — which I 
can do by a little acid, the moment I do this, 
I find the zinc acting upon the water exactly as 
the iron d,d, but at the common tcmpcratuic 
The acid in no waj is alteicd, except in its 
comb nation with the oxide of /me, vshich is 
produced I have now ponied the acid into 
the glass, and the Lffccl is as though I wcie 
applj ing heat to cause this boiling up There 
is something coming off fiom the zinc v^cr}*- 
abundantly, which is not steam 1 heic is a 
jar full of it, and you will find that I have 
exactly the same combustible substance remain- 
ing in the vessel, v\hcn I hold it upside-down, 
that I produced during the experiment with 
the iron barrel This is what we get from 
watei — the same substance which is contained 
in the candle 

Let us now'^ trace distinctly the connection 
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between these two points This is hydrogen — 
a body classed among those things which in 
Chemistry we call elements, because we can get 



nothing else out of them A candle is not an 
elemental y body, because we can get carbon 
out of it, we can get this hydrogen out of it, 
or at least out of the water which it supplies 
And this gas has been so named hydrogen, 
because it is that element which, in association 
with another, generates water* Mr Anderson 
having now been able to get two or three jars 
of gas, we shall have a few experiments to 
make, and I want to shew you the best way of 
making these experiments I am not afraid to 
shew you, for I wish you to make experiments, 

• TS-f “water,” and y rroiu, “I generate” 
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if you will only make them with care and atten- 
tion, and the assent of those around you As 
ue advance in Chemistry, we are obliged to 
deal with substances which aie rathel injurious, 
if in their wrong places — the acids, and heat, 
and combustible things we use, might do harm 
if carelessly employed If you want to make 
hydrogen, you can make it easily from bits of 
2inc, and sulphuric or muriatic acid Heie is 
what in former times was called the “philo- 
sopher’s candle ’’ It is a little phial with a cork, 
and a tube oi pipe passing through it And I 



Fig 17 

am now putting a few little pieces of zinc into 
It This little instrument I am going to apply 
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to a useful puiposc m oui demonstrations — for 
I want to she\y you that j'^ou can prepaic 
hydrogen, and make some experiments with it 
as you please at youi own homes Let me here 
tell you why I am so careful to fill this phial 
nearly, and yet not quite full I do it because 
the ev^olvcd gas, v/hich, as you have seen, is 
vety combustible, is explosive to a considciable 
extent when mixed with air, and might lead to 
harm, if you were to apply a light to the end of 
that pipe before all the air had been swept out 
of the space above the water I am now about 
to pour in the sulphuric acid I have used veiy 
little zinc, and more sulphuric acid and water, 
because I want to keep it at work for some time 
I therefore take care in this way to modify the 
proportions of the mgicdicnts, so that I may 
have a regular supply — not too quick, and not 
too slow Supposing I now take a glass and 
put it upside-doi\n over the end of the tube, 
because the hydrogen is light I expect that it 
Will lemain m that vessel a little ivhile We 
will now test the contents of oui glass to see if 
theie be hydrogen in it I think I am safe in 
saying we have caught some '[applying a light] 
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There it is, you see I u ill now apply a light 
to the top of the tube There is the hydrogen 
burning There is our philosophical candle It 
IS a foolish feeble sort of a flame, you may say, 
but it IS so hot that scarcely any common flame 
gwes out so much heat It goes on burning 
regularl}', and I am now about to put that flame 
to bum under a certain arrangement, in order 
that we may examine its results and make use of 
the information Inch we may thereby acquire 
Inasmuch as the candle produces uater, and 
this gas comes out of the water, let us see uhat 
this gives us by the same process of combustion 
that the candle went through when it burnt in 
the atmosphere, and for that purpose I am 
going to put the lamp under this apparatus, in 
order to condense whatevei may arise from the 
combustion uithin it In the course of a short 
time you will see moisture appearing in the 
cylinder, and you uill get the water running 
dou n the side^ and the water from this hydrogen 
flame will have absolutely the same effect upon 
all our tests, being obtained by the same general 
process as in the former case This hydrogen 
IS a vei^'- beautiful substance It is so light that 
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it caines things up it iS far lighter than tnc 
atmosphere, and I dare say I can shew you this 
by an experiment which, if you are Very clever, 
some of you may even have skill enough to 
lepeat Heie is our generator of hydrogen, 
and here are some soap-suds I have an 
india-rubber tube connected with the hydrogen 



Fig i 8 


generator, and at the end of the tube is a 
tobacco-pipe I can thus put the pipe into 
the suds, and blow bubbles by means of the 
hydrogen You observe how the bubbles fall 
downwaids when I blow them with my warm 
breath, but notice the difference when I blow 
them with hydrogen [Tlie Lecturer here blew 
bubbles with hydrogen, which lose to the roof 
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of the theatre] It shews you how' light this 
gas must be in older to cair}' with it not merely 
the ordinarj’' soap-bubble, but the largci poi Lion 
of a drop hanging to the bottom of it I can 
shew its lightness in a better w'ay than this, 
larger bubbles tlian these may be so lifted up, 
indeed, in former times balloons used to be 
filled with this gas Mr Anderson will fasten 
this tube on to our geneiator, and w'c shall have 
a stream of hydrogen here with w'hich wc can 
charge this balloon made of collodion I need 
not even be \ery careful to get all the air out, 
for I know' the power of this gas to cany it up, 
[Two collodion balloons were inflated, and sent 
up, one being held by a string] Here is 
another larger one made of thin membrane, 
W'hich w'e wall fill and allow' to ascend You 
w'lll see they w'lll all remain floating about 
until the gas escapes 

What, then, aic the comparative weights of 
these substances? I have a table here which 
W'lll shew' you the propoition which their 
weights bear to each other I have taken a 
pint and a cubic foot as the measures, and have 
placed opposite to them the respective figures 



96 THE CHEMICAL HISTORY OE A CANDLE 

A pint measure of this hydrogen weighs thiee- 
quarters of our smallest weight (a gram), and a 
cubic foot weighs one-twelfth of an ounce, 
whereas a pint of water neighs 8,750 giains, 
and a cubic foot of water weighs almost 1,000 
ounces You see, therefoie, what a vast dif- 
ference theie is between the weight of a cubic 
foot of water and a cubic foot of hydrogen 

Hydrogen gives rise to no substance that 
can become solid, cither during combustion or 
aftenvards as a product of its combustion But 
when It burns, it produces water only, and if 
we take a cold glass and put it over the flame, 
it becomes damp, and you have water pro- 
duced immediately in appieciable quantity, and 
nothing IS produced by its combustion but the 
same water which you have seen the flame of 
the candle produce It is important to remem- 
bei that this hydrogen is the only thing in nature 
which furnishes water as the sole pioduct of 
combustion 

And now we must endeavour to find some 
additional proof of the general charactei and 
composition of water, and for this purpose I 
mil keep you a little longer, so that at our next 
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meeting we may be better piepaicd foi the 
subject We have the power of aiianging the 
zinc which 3'^ou have seen acting upon the water 
by the assistance of an acid, m such a manner 
as to cause all the power to be evolved in the 
place where avc requne it I have behind me 
a \oltaic pile, and I am just about to shew you, 
at the end of this lecture, its character and 
pow er, that j^ou may sec wdiat w'e shall have to 
deal with when nc\t w^c meet I hold hctc the 
extremities of the wires wdnch transpoit the 
powder from behind me, and which I shall cause 
to act on the w’ater 

We have pre\ lously seen w hat a pow'cr of 
combustion is possessed by the potassium, or 
the zinc, or the iron-filings , but none of them 
shew' ouch energy as this [The Lectuici here 
made contact between the two terminal wares of 
the battery, when a brilliant flash of light was 
pioduced ] This light is, in fact, produced by 
a forty-zinc powder of burning it is a powci 
that I can carry about in my hands, through 
these w^ircs, at pleasuie— although, if I applied it 
wrongly to mj self, it would destroy me in an 
instant, for it is a most intense thing, and the 
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power you see liere put forth while you count 
five [bringing the poles in contact, and exhibiting 
the electric light] is equivalent to the power of 
seveial thunder-storms, so great is its force (“*) 
And that you may see what intense energy 
it has, I will take the ends of the wires which 
convey the power from the battery, and with it 
I dare say I can burn this iron file Now, this 
IS a chemical power, and one which, when we 
next meet, I shall apply to water, and shew you 
what lesults we are able to produce 
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inDROGEN IN THE CANDLE — BURNS INTO 
WATER— THE OTHER PART OF ^YATER — 
OX\ GEN 

I SEE }ou are not tired of the candle }ct, 
or I am sure j'ou would not be interested 
in the subject in the way } ou arc When 
our candle was burning, we found it produced 
water exactly like the water we have around 
us, and by fuithcr examination of this water 
we found m it that cuiious body, h)drogcn — 
that light substance of which there is some m 
this jar We afterwards saw the burning powers 
of that hydrogen, and that it produced water 
And I think I introduced to jour notice an 
apparatus which I very briefly said w'as an 
arrangement of chemical force, or power, or 
energy, so adjusted as to conxey its pow'cr to 
us in these w'lres, and I said I should use that 

force to pull the w'ater to pieces, to see wdiat 

G 



100 TJ]i: CHEMICAL HISTORY OR 4 C ] \EL'' 

else tliere ■was in the ivatci besides liydiogcn, 
because, you remember, wdien we passed the 
water through the iron tube, ive by no means 
got the weight of water back which wc put in, 
an the form of steam, though we had a very 
large quantity of gas evolved We have now 
to see wdiat is the other substance piescnt 
That you may understand the character and 
use of this instrument, let us make an experi- 
ment or two Let us put together, first of all, 
some substances, knowing what they are, and 
then see \vhat that instrument does to them 
There is some copper (observe the various 
changes wdiich it can undergo), and here is 
some nitiic acid, and you will find that this, 
being a strong chemical agent, will act veiy 
pow'^erfully wdien I add it to the copper It is 
now sending forth a beautiful red vapour, but 
as Ave do not w'ant that vapoui, Mi Andcison 
Avill hold it neai the chimney for a short time, 
that Ave may have the use and beauty of the 
e'^penment Avithout the annoyance The copper 
which I have put into the flask aviII dissoK'c 
It AAill change the acid and the Avater into a 
blue fluid, containing coppci and othei tilings, 
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arc! I propose then sl-'c..ing >ou how this 
voltaic batter}' deals vith it, and in the mean- 
time ve vill arrange another kind of experi- 
ment for you to sec v hat power it has This 
IS a substance v.hich is to us like water — that 
IS to say, it contains bodies wh’ch we do not 
know' of as yet, as water contains a body 
iJnch we do not know as yet Now, this 
solution of a £alt(''') I will put upon paper, 
and spread about, and apply the power of the 
batter} to it, and observe what will happen 
Three or four impoitant things will happen 
which we shall take advantage of I place this 
wetted paper upon a sheet of tinfoil, which is 
convenient for keeping all clean, and also for 
the ad'> antageous application of the power, and 
this solution, you sec, is not at all affected b}'’ 
being put upon the paper or tinfoil, nor by 
anything else I ha v'e brought in contact with it 
yet, and which, therefore, is free to us to use 
as regards that instrument But first let us 
see that our instrument is in order Here are 
our wires Let us see whether it is in the state 
m which it was last time We can soon tell 
As }ct, when I bung them together, w'C have 
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no power, because the convej-crs — what we call 
the electrodes — the passages or ways for the 
electricity — are stopped, but now Mr Anderson 
by that [referring to a sudden flash at the ends 
of the wires] has given me a telegram to say 
that it IS ready Before I begin oui experi- 
ment I will get Mr Andeison to break contact 
again at the battery behind me, and we Avill 
put a platinum-Avire across to connect the poles, 
and then if I find I can ignite a pretty good 
length of this wiie, we shall be safe in our 
experiment Noav you will see the power 
[The connection was established, and the inter- 
mediate lyire became red-hot] There is the 
poAver running beautifully through the wire, 
AVhich I have made thin on purpose to shew 
you that ive have those powerful forces, and 
now, having that power, we a\u 11 proceed with 
it to the examination of water 

I have here two pieces of platinum, and if 
I lay them doivn upon this piece of paper 
[the moistened paper on the tinfoil], you will 
see no action , and if I take them up, there 
is no change that you can see, but the arrange- 
ment remains just as it uas before But, no>v, 
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see ^^hat happens if I take these hvo poles 
and put 'either one or the other of them down 
separately on the platinum - plates, they do 
nothing for me, both are perfectly without 
action , but if I let them both be in contact 
at the same moment, see what happens [a 
brown spot appeared under each pole of the 
battery] Look here at the effect that takes 
place, and see how I have pulled something 
apart from the white — something brown, and 
I have no doubt) if I were to arrange it thus, 
and were to put one of the poles to the tinfoil 
on the other side of the paper — why, I get 
such a beautiful action upon the paper, that 
I am going to see whether I cannot write. 
with it — a telegram, if you please [The 
Lecturer here traced the word "juvenile” on 
the paper with one of the terminal wires] 
See there how beautifully we can get our 
results ' 

You see we have here drawn something, 
■which we have not known about before, out 
of this solution Let us nmv take that flask 
from Mr Andei son’s hands, and see irhat we 
can draiv out of that This, you know, is a 
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liquid winch wc. have just made up from copper 
and nitiic acid, whilst our other expeiimcnts 
were m hand , and though I am making this 
expel iment veiy hastily, and may bungle a 
little, yet I prefer to let you see what I do 
rather than prepare it beforehand 

Now, see vhat happens These two platinum- 
plates are the two ends (or I wall make them 
so immediately) of this apparatus, and I am 
about to put them in contact with that solution 
just as W'C did a moment ago on the paper It 
docs not mattci to us whethci the solution be 
on the paper oi whether it be in the jar, 
so long as we bung the ends of the apparatus 
to it If I put the two platinums in by them- 
selves, they come out as clean and as wdnte as 
they- go in [insciting them into the fluid without 
connecting them with the battery], but w'^hen 
w^e take the powder and lay that on [the 
platinums w'eie connected wnth the battciy and 
again dipped into the solution], this, you see 
[exhibiting one of the platinums], is at once 
turned into coppei, as it were it has become 
like a plate of copper, and that [exhibiting the 
othci piece of platinum] has come out quite 
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c’can If I take this coppcied piece and change 
sides, tlic coppei ^\Ill leave the right-hand 
r.de and come ovci to the left side, what 
\%as before the coppered plate comes out clean, 
and the plate winch vas clean comes out 
coated with copper, and thus you see that 
the same copper we put into this solution we 
can also take out of it by means of this instiu- 
mcnl 

Putting that solution aside, let us now see 
uhat effect this instiument vill have upon 
A\ater IIcic aie two little platinum - plates 
uhich I intend to make the ends of the 
batter}’, and this (c) is a little vessel so shaped 
as to enable me to take it to pieces, and shew 
you its construction In these two cups (A and 
li) I pour mercury, which touches the ends of 
the wires connected with the platinum -plates 
In the vessel (c) I poui some watei containing 
a little acid (but which is put only for the 
purpose of facilitating the action, it undeigoes 
no change in the pioccss), and connected with 
the top of the vessel is a bent glass tube (d), 
vhich may icinind you of the pipe which was 
connected with the gun baircl in our furnace 
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experiment, and which now passes under the 
jar (f) I liave now adjusted this apparatus, 
and we wall proceed to afTcct the water m 
some waj'- or other In the other case, I sent 
the w'ater through a tube which w'as made 
red-hot, I am now going to pass the clcctncit)’- 
Ihrougli the contents of this vessel Perliaps 
I may boil the water, if I do boil the w'ater, 
I shall get steam, and you know that steam 
condenses w'hcn it gets cold, and you wall tiierc- 
fore sec by that w'hcther I do boil the w^atcr 
or not Perhaps, how'cvcr, I shall not boil the 
W'ater, but produce some other effect You 
shall have the experiment and see There is 
one ware w'hich I will put to this side (a), and 
here is the other ware which I will put to the 
other side (b), and you wall soon see whether 
any disturbance takes place Here it is seem- 
ing to boil up famously , but does it boil ? 
Let us see whether that w'hich goes out is 
steam or not I think you wall soon see the 
jar (!') wall be filled with vapour, if that which 
rises from the water is steam But can it be 
steam? Why, certainly not, because there it 
remains, you see, unchanged There it is 
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standing over the water, and it cannot thctc- 
forc be steam, but must be a permanent gas 
of some sort What is it’ Is it hjdrogcn? 
Is it anything clsc^ Well, we will c\aminc 
It If it is hvdrogen, it will burn ['IJic 
Lecturer then ignited .1 portion of the gas 
collected, which burnt with an explosion] It 



IS certnini} something combustible, but not 
combustible in the wa> that Indiogen is 
Hydrogen would not have given you tliat 
noise, but the coloui of that light, wlicn the 
thing did burn, was like that of ludrogen it 
will, however, burn without contact with the 
air That is why I have chosen this other 
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form of appaiatus, for the purpose of pointing’ 
out to yon what arc the particular circumstances 
of tins c\pcrimcnt In place of an open vessel 
I have takcit one that is closed (our battery 
IS so beautifully active that vv'c arc cv^cn boiling 
the mercury, and getting all things right — not 
wrong, but vigorously right), and I am going 
to shew you that that gas, whatever it may 
be, can burn without an, and in that respect 
differs fiom a candle, which cannot bum with- 
out the air And oiii manner of doing this is 
as follow's — I have hcic a glass vessel (g) 
w'hich is fitted with two platinum -wurcs (l k), 
through which I can apply electricity, and 
we can put the vessel on the air-pump and 
exhaust the an, and when we have taken the 
air out we can bring it here and fasten it on 
to this jar (r), and let into the vessel that gas 
which was formed by the action of the v^oltaic 
battery upon the water, and wdneh we have 
produced by changing the water into it, — for I 
may go as far as this, and say we have leally, 
by that expciiment, changed the w^ater into that 
gas We have not only altered its condition, 
but w'C have changed it really and truly into 
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tliat gaseous substance, and all the Avatei is 
there which was decomposed b)’' the expeument 
As I screw this vessel (G h) on here (h), and 
make the tubes well connected, and when I 
open the stop-cocks (H H h), if 5'’ou watch the 
level of the water (in f), you will see that the 
gas will rise I aviU now close the stop-cocks, 
as I have drawn up as much as the vessel can 
hold, and being safely conveyed into that 
chamber, I will pass into it an electric spaik 
from this Leyden jar (l), when the vessel, which 
IS now quite clear and blight, will become dim 
There will be no sound, for the vessel is strong 
enough to confine the explosion [A spaik 
was then passed thiough the jar, when the 
explosive mixture was ignited] Did you see 
tl at brilliant light? If I again sciew the vessel 
on to the jar, and open these stop-cocks, you 
will see that the gas will use a second time 
[The stop-cocks weie then opened ] Those 
gases [leferring to the gases first collected in 
the jai, and which had just been ignited by 
the electiic spark] have disappeaied, as you sec 
their place is vacant, and fiesh gas has gone 
in Water las been foimed fiom them, and 
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if we repeat our operation [repeating the last 
experiment], I shall have another vacancy, as 
you will see by the water using I always have 
an empty vessel after the explosion, because the 
vapour or gas into which that watet haS been 
lesolved by the battery explodes under the 
influence of the spark, and changes into water, 
and by-and-by you will see in this upper vessel 
some drops of water tiickling down the sides 
and collecting at the bottom. 

We are here dealing with water entirely, 
without leference to the atmosphere The 
water of the candle had the atmosphere help- 
ing to produce it , but in this way it can be 
produced independently of the air Water, 
therefore, ought to contain that other substance 
which the candle takes from the air, and 
which, combining with the hydrogen, pro- 
duces water 

Just now you saw that one end of this 
battery took hold of the copper, exti acting it 
from the vessel which contained the blue solu- 
tion It was effected by this wire , and surely 
we may say, if the battery has such power 
with a metallic solution which we made and 
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unmade, may "we not find that it is possible 
to spilt asunder the component paits of the 
■water, and put them into this place and that 
place ? Suppose I take the poles — the metallic 
ends of this battciy- — and see what w ill happen 



t.ith the ualcr m this apparatus (fig 20), 
V here we have separated the two ends far 
apart I place one here (at a), and the other 
there (at b), and I have little shelves iMth 
holes -which I can put upon each pole, and 
so arrange them that whatever escapes from 
the two ends of the battery -will appear as 
separate gases, for you saw that the -water 
did not become vaporous, but gaseous The 
wires are now m perfect and proper connection 
with the \csscl containing the 1^ater, and you 
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see the bubbles rising let us collect these 
bubbles and see ^vhat they arc Here is a 
glass cjlinder (q) , I fill it Mith *aatci and 
put It over one end (a) of the pile , and I 
■uill take another (ll) and put it over the 
other end (l3) of the pile And so now we 
have a double apparatus, with both places 
delivering gas Both these jais will fill with 
gas There they go, that to the light (ll) 
filling vei}'- rapidly, tlic one to the left (o) 
filling not so rapidly , and though I have 
allowed some bubbles to escape, yet still the 
action IS going on pretty regularly, and were 
it not that one is rather smaller than the 
other, you w'ould sec that I should have 
tw^ice as much in this (h) as I have in that 
(o) Both these gases are colourless , they 
stand over the winter w ithout condensing, they 
aie alike in all things — I mean in all appaic,it 
things , and w e have here an opportunity of 
examining these bodies and ascertaining what 
they are Their bulk is laige, and w^e can 
e-^sily apply evpciiments to them I will take 
this jar (h) first, and will ask >ou to be pre- 
paied to lecogn’se hjdrogen 
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T1 H k cf nil Us qunluics — the li"ht gns 
winch stood well in in\ cited vessels, burning 
with a pale fiamc at the mouth of the jai — and 
see A\)iethci tins gas docs not satisfy all these 
conditions If it be liydiogen, it will icmain 
hctc while I hold this jai mvcited [A light 
was then applied, vlicn the Indiogcn burnt] 
AVhat IS there Jiow in the othei jar? You 
know that the two tcgethei made an c\plobivc 
mixtuie But w'hat can this be whicli we 
r.nd as the other constituent in w'atci, and 
which must thciefoic be that substance which 
made the Indtogen buin^ We know that the 
A\atcr we put into the \essel consisted of the 
two things togclliei We find one of these is 
hjdiogcn what must that othci be which 
was in tlic watei befoic the e\pcrimcnt, and 
which we now' Jia\c b) itself^ I am about 
to put this lighted splintci of wood into the 
gas llie gas itself will not bum, but it 
will male the spimtci of wood bum [The 
Tectuiei ignited the end of the w'ood, and 
intiodueed it into the jai of gas] See how' 
it nuigoratcs the combu'^tion of the wood, 
and liow' It m.ikis u bum fin kettei than the 
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air M^ould make it bum, ‘and now you see 
by itself that ev^cry other substance which is 
contained in the water, and which, when the 
water was formed by the burning of the candle, 
must have been taken from the atmosphere 
What shall ive call it. A, B, or C ^ Let us call 
It O — call it *' Oxygen ” it is a very good 
distinct -sounding name This, then, is the 
oxygen which was present m the water, form- 
ing so large a part of it 

We shall now begin to understand more 
clearly our experiments and researches , because, 
when we have examined these things once or 
twice, ve shall soon see why a candle burns in 
the air When we have in this way analysed 
the watei — that is to say, separated, or elec- 
trolysed its parts out of it — ^we get two volumes 
of hydrogen, and one of the body that burns it 
And these tvo are represented to us on the 
following diagram, Avith their weights also 
stated , and we shall find that the oxygen is 
a very hea\'y body by comparison with the 
hydrogen It is the other element in water 
I had better, perhaps, tell you now how ive 
get this oxygen abundant!}', having shewn 



OA'VGr.'S FROM W-ITCR Il5 

}"0u how Ave can separate it from the A\ater 
Ox}gen, as you will immediately imagine, 
exists m the atmosphere , for how'’ should the 
candle bum to produce Avater without it? 



Such a thing A\ould be absolutely impossible, 
and chemically impossible, AVithout oxygen. 
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Can we get it from the air? Well, there are 

some very complicated and difficult processes 

H 



ii5 TUL cnrMicir o, A cwurr 

by winch wc can get it from the air, but 
we have better piocesscs Theie is a sub- 
stance called the black o\idc of manganese 
it IS a vciy black-looking mineral, but very 
useful, and w'hcn made red-hot it gives out 
oxygen Jleie is an non bottle which has 
had some of this substance put into it, and 
there is a tube fixed to it, and a fire ready 
made, and Mr Anderson wull put that retort 
into the fire, for it is made of iron, and can 
stand the heat Here is a salt called chlorate 
of potassa, which is now made in large quanti- 
ties for bleaching, and chemical and medical 
uses, and for pyrotechnic and other purposes 
I w'lll take some and mix it w'lth some of 
the oxide of manganese (oxide of copper, or 
oxide of non w'ould do as well), and if I put 
these together in a retort, far less than a red 
heat IS sufficient to evolve this oxygen from 
the mixture I am not picpanng to make 
much, because w'e only want sufficient for oui 
experiments, only, as>ou will see immediately, 
if I use too small a charge, the first portion of 
the gas will be mixed wuth the air already in 
the retort, and I should be obliged to sacrifice 
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the first portion of the gas, because it ^\ould 
be so much diluted with air, the first portion 
must tliciefoic be thrown away You will 
find in this case, that a common spirit-lamp 
IS quite sufficient for me to get the oxygen, 
and so we shall ha\c two pioccsscs going on 
for its preparation Sec how' freely tlic gas 
IS coming o\er from that small portion of the 
mixture We will examine it, and see what 
are its properties Now, in this way we arc 
producing, as you wull observe, a gas just lilcc 
the one we had in ifie experiment W'lth the 
batteiy, transparent, undissolved by watei, and 
presenting the ordinaiy visible properties of 
the atmospheic, (As this first jar contains the 
air, together with the first portions of the 
OX} gen set free during the preparation, wc 
will carry it out of the way, and be prepared 
to make our experiments in a regular, dignified 
manner) And, inasmuch as that powci of 
making w-ood, w'ax, oi other tilings bum, 
was so marked in the oxygen w^e obtained 
by means of the voltaic batteiy fiom water, 
we may expect to find the same piopcrty heic 
Wc will try it You see theic is the com- 
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bustion of a lighted taper in air, and here is 
Its combustion in tins gas [lowciing the taper 
into the jar] Sec how brightly and how 
beautifully it burns • You can also see more 
than this, — you will perceive it is a heavy 
gas, whilst the h3drogen would go up like a 
balloon, or even faster than a balloon, when 
not encumbered with the wcit^it of the envelope 
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You may easily see that although A\e obtained 
from w'ater twuce as much in volume of the 
hydrogen as of ovj'gen, it does not follow 
that we have twice as much in weight — because 
one is heav)'’, and the other a very light gas 
AVe have means of ivcighing gases or air, 
- but w'lthout stopping to explain that, let me 
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just tell you ^^hat their lespective weights arc 
The weight of a pint of hydrogen is three- 
quarters of gi am , the weight of the same 
quantity of oxygen is neaily tirelve giains 
This IS a very gieat difference The weight 
of a cubit foot of hydiogen is one-twelfth of 
an ounce , and the weight of a cubit foot of 
oxygen is one ounce and a third And so on 
we might come to masses of mattei which 
may be weighed in the balance, and which 
^^e can take account of as to hundied- 
wcights and as to tons, as you will see almost 
immediately 

Now, as regards this veiy piopcity of oxygen 
supporting combustion, nhicli ue may compare 
to an, I will take a piece of candle to shew it 
you ill a rough way, and the lesiilt will be 
rough There is oui candle buinmg in the 
air how will it burn in oxygen ^ I have heic 
a jar of this gas, and I am about to put it ovci 
the candle for you to compaie the action of 
this gas with that of the an Wh}^, look at it 
It looks something like the light you saw at 
the poles of the voltaic batteiy Think how 
vigorous that action must be’ And jet, duiing 
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all that action, nothing moie is produced than 
what IS produced by the buining of the candle 
in air We have the same production of watei, 
and the same phenomena exactly, when we use 
this gas instead of air, as we have when the 
candle is burnt in air 

But now we have got a knowledge of this 
new substance, we can look at it a little more 
distinctly, in order to satisfy ourselves that we 
have got a good general understanding of this 
pait of the product of a candle It is wonder- 
ful how great the supporting powers of this 
substance are as legards combustion For 
instance, here is a lamp which, simple though 
it be, IS the original, I may say, of a great 
variety of lamps uhich are constructed for 
divers purposes — for Iight-houscs, microscopic 
illuminations, and other uses, and if it were 
proposed to make it burn very brightly, you 
would say, "If a candle buint better in oxygen, 
will not a lamp do the same?” Why, it will 
do so Mr Anderson will give me a tube 
coming from our oxygen reservoir, and I am 
about to apply it to tins flame, which I will 
previously make burn badly on purpose There 
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comes die oxygen what a combusion that 
makes' But if I shut it off, what becomes of 
the lamp ? [The flow of oxj^gen was stopped, 
and the lamp relapsed to its foimer dimness] 
It is nondeiful how, by means of oxygen, we 
get combustion accelerated But it does not 
affect merely tlie combustion of hydrogen, or 
carbon, or the candle, but it exalts all com- 
bustions of the common kind We will take 
one which relates to iron, for instance, as you 
Jiave already seen iron bum a little in the 
atmosphere Here is a jai of oxjgen, and this 
IS a piece of iron wire, but if it were a bar as 
thick as my wiist, it would bum the same I 




first attach a little piece of wood to the iron, I 
then set the Avood on fire, and let them both 
dowm together into the jar The wood is now 
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nligiu, and tliere it bums , is wood should burn 
in o\\t;cn, but it \\il{ soon conimunic.itc its 
combustion to the iron 'I he iron is noi\ liiirn- 
in '4 bnlhnntlj. and will continue so for a Ion" 
time As lon^i ns we i.iippl\ o\.\‘:jen, so lonj 
can v,c carry on the combustion ol the iron, 
until the hltcr is consumed 

We will now put that on one side, and take 
some othci substance, but ve must limit our 
c\pcitmcnts, for we have not time to spare for 
al! the illustiations }ou would have a right to 
if we had mote tune We will take a piece of 
sulphui — )ou know liow sulphur bums in the 
nir — well, we put it into the o\\gcn, and \ on 
will see that vhatcvei can burn in air, can burn 
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ivitb a frr greater intensity in o\j'gcn, leading 
you to tliink that perhaps the atmosplicre itself 
ow'cs all its power of combi stion to this g'’:^ 
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The sulphur is now burning very quietly in the 
oxygen, but you cannot for a moment mistake 
the verv high and increased action which takes 
place when it is so burnt, instead of being burnt 
merely in common air 

I am now about to shev you the combustion 
of another substance — phosphoius I can do 
it bettei for 3'ou here than you can do it at 
home This is a very combustible substance, 
and if it be so combustible m an, what might 
}ou c\pcct it would be in ox)gen? I am 
about to shew' it to ymu not m its fullest 
intensity, for if I did so we should almost 
blow the appaiatus up — I may even now 
crack the jar, though I do not want to bicak 
things carelessly You see how' it bums » in 
the an But what a glorious light it gives 
out when I intrpducc it into o\}gen> [Intro- 
ducing the lighted phosphoius into the jai 
of oxygen] Thcic ymu seethe solid particles 
going off which cause that combustion to be 
so brilliantly luminous 

Thus fai w'c have tested this pow'cr of 
oxygen, and the high combustion it produces 
by' means of other substances We must now, 
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for a little while longer, look at it as respects 
the hydrogen You know, when we allowed 
the oxygen and the hydrogen derived from 
the water to mix and burn together, we had 
a little explosion You remember, also, that 
u'hen I burnt the ox3^gen and the hydrogen 
in a jet together, we got -very little light, but 
great heat I am now about to set fire to 
oxj'-gen and hydrogen, mixed in the proportion 
in which they occur in water Here is a vessel 
containing one volume of oxygen and two 
volumes of hydrogen This mixture is exactly 
of the same nature as the gas w'e just now 
obtained from the voltaic battery it would be 
far too much to burn at once, I hav'^e therefore 
arranged to blow soap-bubbles with it, and burn 
those bubbles, that we may ^ee by a general 
experiment or tivo how this oxygen supports 
the combustion of the hj^drogen Fust of all, 
we w'lll see whether we can blow a bubble 
Well, there goes the gas [causing it to issue 
through a tobacco-pipe into some scap-sudsj 
Hcie I have a bubble I am receiving them 
on my hand and you will perhaps think I am 
acting oddly in this experiment, but it is to 
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shew you that we must not always trust to 
noise and sounds, but rather to real facts [Ex- 
ploding a bubble on the palm of his hand J I 
am afraid to fire a bubble from the end of the 
pipe, because the explosion would "pass up 
into the jar and blow it to pieces This oxygen 
then will unite with the hydrogen, as you see 
by the phenomena, and hear by the sound, 
with the utmost readiness of action, and all its 
powers are then taken up in its neutralisation 
of the qualities of the hydrogen 

So now I think you will perceive the v hole 
history of water with reference to oxygen and 
the air, from what we have before said Why 
does a piece of potassium decompose water ^ 
Because it finds oxygen in the water What 
is set free when I put it in the water, as I am 
about to do again ? It sets free hydrogen, and 
the hydrogen burns, but the potassium itself 
combines with oxygen, and this piece of potas- 
sium, in taking the ivater apart — the water, you 
may say, derived from the combustion of the 
candle — takes away the oxygen which the 
candle took fiom the air, and so sets the 
h>diogen free, and even if I take a piece of 
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ICC, and put a piece of potassium upon it, tJic 
beautiful affinities by -uhicli the oxygen and 
the li} drogen aic related are such, that the ice 
^.Ill absolutel}’’ set fire to the potassium I 
shew this to you to-day, m order to enlarge 
>oui ideas of these things, and that you may 
see how greatly lesults are modified by circum- 
stances Theie is the potassium on the ice, 
producing a soi t of volcanic action 

It i\ ill be my place, when nc vt we meet, 
having pointed out these anomalous actions, 
to shew you that none of these extra and 
stiangc effects arc met with by us — that none 
of these strange and injuiious actions take place 
when ve arc burning, not mcicly a candle, but 
gas in our streets, or fuel in oui fiieplaccs, so 
long as we confine ourselves wnthin the laws 
that Nature has made foi oui guidance 
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OWGHX PRESLN'T IN HIE AIR — N VTURC OF 
HIL AIMOSPIIERL — ITS PROrERl lES — OrilER 
PRODELIS PROM T IIL C \NDLi:— CARBONIC 
ACID— lib PROPER! ILb 

TT 7E ]ia\e now seen that we can produce 
* ' li^dtogcn and o\\gcn from tlic water 
lliat we obtained from the candle Hydrogen, 
A ou know, comes fiom the candle, and owgcn, 
\ou belicAc, comes fiom the air But then )ou 
liave a right to ask inr, “I low' is it that the 
an and tlic oxygen do not equally well bum 
the candle?” If 3 'ou remember what happened 
A’.hcn I put a jai of o\}gcn ovci a piece of 
candle, you recollect theie was a vci*}' diflcrent 
Ijiid of combustion to tliat which took place m 
'the air Now', Avh) is tins? It is a \cr}'- im- 
portant question, and one I shall cndeavoui to 
malce } ou undcr-^tand it iclatcs most inti- 
mately to the nature of the atmosplicic, and is 
most impoitant to us 
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Wo ha\c several tests for o^Jgcn besides the 
mere burning of bodies You ha\ c seen a candle 
burnt m o\vgen, or in the air, )ou ha\e seen 
phosphorus burnt m the air, or m ovjgcn, 
and }ou have seen iion-fihngs burnt in o\>gen 
But ^\c have other tests besides these, and I 
am about to lefer to one or U^o of them for 
the purpose of carrying join conviction and 
your experience further Here we ]ia\c a \csscl 
of oxygen I will shew' its presence to you 
if I take a little spark and put it into that 
OX} gen, }'ou know', bj' the experience you gamed 
the last time w'c met, what will liappcn, if I 
put that spaik into the jar, it will tell you 
w'hclher we have oxygen here or not Yes' 
We have piovcd it by combustion, and now' 
here IS another test for oxj'gen, w'hich is a very 
curious and useful one I have here two jars 
full of gas, with a plate between them to pre- 
vent their mixing, I take* the plate aw'a)', and 
the gases are creeping one into the other 
“What happens^’’ say jou “they together 
produce no such combustion as w'as seen in the 
case of the candle ” But see how' the presence 
of oxygen is told by its association w'lth this 
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Other substance ("’) What a beautifully coloui eel 
gas I ha\c obtained in this ^\ay, shewing me 
the presence of the o^^gcnl In the same way 
V c can tr}'- this experiment bj mixing common 
air wuth this test-gas -Here is a jar containing 
air — such air as the candle w'ould burn in — and 
here is a jar or bottle containing the test-gas 
I let them come together o\cr water, and jou 
see the result the contents of the test-bottle 
arc flowing into the jar of air, and >ou sec I 
obtain exactly the same kind of action as before, 
and that shews me that there is oxjgcn in the 
air — the \cr)' same substance that has been 
already obtained by us from the w’ater produced 
by the candle But then, beyond that, how' is 
it that the candle docs not burn m air as well 
as in oxygen ^ We will come to that point at 
once I have here two jars , they arc filled to 
the same height wnth gas, and the appearance 
to the c>c IS alike in both, and I really do not 
know' at present w'hich of these jars contains 
ox>gcn and which contains air, although I 
know the> ha\e previously been filled w'lth 
these gases But here is our test-gas, and I am 
going to w'ork with the two jars, in order to 
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examine whether there is any diffeience between 
them m the quality of reddening this gas I 
am now going to turn this test-gas into one of 
the jars, and observe what happens There 
is reddening, you see, there is then oxygen 
present We will now test the other jar, but 
you see this is not so distinctly red as the first 
and, further, this curious thing happens, — if I 
take these tivo gases aijd shake them well 
together with tyater, we ghall absorb the red 
gas, and then, if I put in more of this test-gas 
and shake again, we shall absorb more, and I 
can go on as long as there be any oxygen pre- 
sent to produce that effect If I let in air, it 
will not matter, but the moment I introduce 
nater, the led gas disappears, and I may go on 
in this way, putting m more and more of the 
test-gas, until I come to something left behind 
which will not redden anj'- longer by the use of 
that particular body that rendered the an and 
the oxygen red Why is that ? You see in a 
moment it is because there is, besides oxygen, 
something else present Avhich is left behind I 
will let a little more air into the jar, and if it 
turns red you will know that some of that red- 
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dcning gas is still present, and that consequently 
It uas not for the -nant of this producing body 
that that air was left behind 

Now, }ou uill begin to understand what I 
am about to say You saw that ^\hen I 
burnt phosphorus m a jar, as the smoke 
produced by the phosphorus and the o\}gcn 
of the air condensed, it left a good deal of 
gas unburnt, just as this red gas left some- 
thing untouched, — there was, in fact, this gas 
left behind, winch the phosphorus cannot touch, 
W'hich the reddening gas cannot touch, and 
this something is not oxygen, and yet is pait 
of the atmosphere 

So that IS one wxay of opening out air into 
the tw^o things of wdnch it is composed — 
OX) gen, which bums our candles, our phos- 
phorus, or anything else, and this other sub- 
stance — nitrogen — which will not burn llicm 
This other part of the air is by far the larger 
proportion, and it is a very curious body, w'hcn 
W'c come to cx*aminc it, it is rcmaikably 
curious, and yet you say, perhaps, that it is 
very uninteresting It is unmteicsting m some 

respects because of this — that it shews no 

I 
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brilliant effects of combustion If I test it 
With a taper as I do oxA'gen and hydrogen, it 
does not bum like hydiogen, nor docs it make 
the taper bum like oxygen Iry it m any 
■uay I Mill, It docs neitlicr the one thing nor 
the othci it will not take fire, it will not let 
the taper burn, it puls out the combustion of 
everything Thcic is nothing tliat wall burn 
m It in common cncumstanccs It has no 
smell, It IS not sour, it does not dissolve m 
W'atcr , it IS neither an acid nor an alkali , 
It IS as indifferent to all oui organs as it is 
possible for a thing to be And you might 
say, “It IS nothing, it is not w’^oith chemical 
attention, w'hat docs it do in the an?” Ah' 
then come our beautiful and fine results shewn 
us by an obicivant philosophy Suppose, 
in place of having nitiogcn, or nitrogen and 
oxygen, we had pure oxygen as our atmos- 
phere, what would become of us? You know 
very well that a piece of iron lit in a jar of 
oxygen goes on burning to the end When 
j'ou see a fiic in an iron grate, imagine wheic 
the grate would go to if the Avhole of the 
atmosphere were oxygen The grate w'Ould_ 
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burn up more pou'erfully than the coals — for 
the non of the giate itself is even more com- 
bustible than the coals which we burn in it 
A file put into the middle of a locomotive 
would be a fire in a magazine of fuel, if the 
atmosphere were oxygen The nitrogen loweis 
it down and makes it moderate and useful for 
us, and then, with all that, it takes away with 
it the fumes that you have seen produced from 
the candle, disperses them throughout the whole 
of the atmosphere, and cariies them away to 
places vliere they aie wanted to perform a 
gieat and glonous purpose of good to man, for 
the sustenance of vegetation, and thus does a 
most wonderful woik, although you say, on 
examining it, “Why, it is a perfectly indiffeient 
thing” This nitrogen 111 its oidinaiy state is 
an inactive element , no action short of the 
most intense electric force, and then in the most 
infinitely small degree, can cause the nitrogen 
to combine directly ivith the othei element of 
the atmosphere, 01 with other things round 
about It, It IS a perfectly indifferent, and there- 
foie to say, a safe substance 

But before I take you to that result, I must 
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tell you about the atmosphere itself. I have 
written on this diagiam the composition of one 
hundred parts of atmospheric air — 




Bulk. 

Wetht 

Ox)gen, 

* 

20 

22 3 

Nitrogen, 


So 

77 7 



100 

100 0 


It IS a true analysis of the atmosphere, so far 
as regal ds the quantity of oxygen and the 
quantity of nitrogen present By our analysis, 
we find that S pints of the atmosphere contain 
only I pint of oxygen, and 4 pints, or 4 parts, of 
nitrogen by bulk That is our analysis of the 
atmosphere It requires all that quantity of 
pitrogen to reduce the oxygen down, so as to 
be able to supply the candle properly with 
fuel, so as to supply us with an atmosphere 
which our lungs can healthily^ and safely 
breathe, for it is just as important to make 
the oxygen right for us to breathe, as it is to 
make the atmosphere right for the burning of 
the fire and the candle 

But now for this atmosphere First of all, 
let me tell you the u eight of these gases A 
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pint of nitrogen weighs giains, or a cubic 

foot weighs I.J- ounce That is the weight of 
the nitrogen The oxygen is heavier a pint 
of It weighs iixV grains, and a cubic foot weighs 
if ounce A pint of air weighs about lOjfr 
grains, and a cubic foot i| ounce 



Fig 25 


You have asked me several times, and T am 
very glad you have, “How do you weigh 
gases?” I will shew you, it is very simple, 
and easily done Here is a balance, and here a 
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copper bottle, made as light as we can con- 
sistent with due strength, turned very nicely m 
the lathe, and made peifectly an -tight, with a 
stop-cock, which we can open and shut, which 
at present is open, and therefoie allows the 
bottle to be full of air I have here a nicely- 
adjusted balance, in which I think the bottle, 
m its piesent condition, will be balanced by the 
weight on the other side And here is a pump 
by which we can force the air into this bottle, 
and with it we will force m a certain number of 
volumes of air, as measuied by the pump 
[Twenty measuies weie pumped in] We will 
shut that m and put it in the balance See 
how it sinks it is much heavier than it was 
By what ? By the air that ^Ye have forced 
into It by the pump Theic is not a greater 
bull of air, but there is the same bulk of Jicavia 
air, because v e have forced m air upon it And 
that you may have a fair notion m your mind 
as to how much this air measures, here is a jar 
full of water We will open that copper vessel 
into this jar, and let the air return to its former 
state All I have to do now is to screw them 
tightly together, and to turn the taps, when 
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theie, you see, is the bulk of the twenty 
pumps of air which I forced into the bottle, 
and to make sure that we have been quite 
correct in vhat we have been doing, we will 
take the bottle again to the balance, and, if it 
IS now counterpoised by the original weight, we 



'shall be qun.e sure n e have made our experi- 
ment correctly It is balanced, so, you see, we 
can find out the weight of the extra volumes 
of air forced m, in that way, and by that means 
we are able to ascertain that a cubic foot of 
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air weighs i4 ounce But that small e\peri- 
ment will by no means convey to your mind 
the whole literal truth of this matter It is 
wonderful how it accumulates when you come 
to larger volumes This bulk of air [a cubic 
foot] weighs l-J ounce What do you think 
of the contents of that box above there, which 
I have had made for the purpose? The air 
which IS within that box weighs one pound — a 
full pound , and I have calculated the weight of 
the air in this room, — ^you would hardly imagine 
It, but it IS above a ton So rapidly do the 
weights rise up, and so important is the presence 
of the atmosphere, and of the oxygen and 
the nitrogen in it, and the use it performs 
in conveying things to and fro from place 
to place, and carrying bad vapours to places 
where they will do good instead of harm 
Having given you that little illustration 
with respect to the weight of the air, let me 
shew you certain consequences of it You 
have a right to them, because you would not 
understand so much without it Do you 
remember this kind of experiment ? Have you 
ever seen it ? Suppose I take a pump some- 
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what Similar to the one I had a little while 
ago to force air into the bottle, and suppose 
I place It in such a manner that by certain 
arrangements I can apply my hand to it my 



Fig 27 


hand moves about m the air so easily that it 
seems to feel nothing, and I can hardly get 
velocity enough by any motion of my own 
in the atmosphere to make sure that theie is 
much resistance to it But, when I put my 
liand here [on the air-pump receiver, which 
was afterwards exhausted], you sec what 
happens Why is my hand fastened to this 
place, and w'hy am I able to pull this pump 
about? And see' how is it that I can hardly 
get my hand away? Why is this? It is the 
waight of the air — the waight of the air 
that is above/ I have another experiment 
here, wdnch I think will explain to you more 
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about it When the air is pumped fiom 
underneath the bladder which is stretched 
over this glass, you will see the effect in 
another shape’ the top is quite flat at pre- 
sent, but I will make a very little motion 
AVith the pump, and now look, at it — see 
how it has gone doAvn, see hoAv it is bent in 
You AA’ill see the bladder go in more and 
more, until at last I expect it Avill be driven 
in and broken by the force of the atmosphere 



piessing upon it [The bladder at last broke 
Avith a loud report] Noaa’, that aa’Us done 
entirely by the Aveight of tlie air pressing on 
it, and 3 ’’ou can easily understand Iioav that is 
Ihc particles that arc piled up in the atmo- 



WEIGHT OF THE ATMOSPHERE I4I 

sphere stand upon each otliei, as these fire 
cubes do You can easdy conceive that four 
of these five cubes are resting upon the 
bottom one, and if I take that awa}', the 
others mil all sink dorrn So it is with the 
atmosphere the air that is above is sustained 
by the air that is beneath, and when the air 
is pumped aw'ay from beneath them, the 
change occurs w'hich you saw'- when I placed 
my hand on the air-pump, and w hich you saw'- 
in the case of the bladder, and which you 
shall see better here 1 har^e tied over this 
jar a piece of sheet india-rubber, and I am 
now about to take aw'a}'- the air from the 
inside of the jar, and if you will watch the 
india-rubber — which acts as a partition between 
the air below- and the air above — ^j-ou wall see, 
when I pump, how' the 'pressure shew's itself 
See where it is going to — I can actually put 
my hand into the jar, and yet this result is 
only caused by the great and powerful action 
of the air above How'- beautifully it shews 
this curious circumstance * 

Here is something that you can ha\ e a pull 
at, w'hen I have finished to-day It is a little 
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appaiatus of two hollow brass hemispheres, 
closely fitted together, and having connected 
with it a pipe and a cock, through which we 
can exhaust the air from the inside, arid 
although the two halves are so easily taken 
apart, while the air is left within, yet yori will 
see, when we exhaust it by-and-by, no power 
of any two of you will be able to pull them 
apart Every square inch of surface that is 
contained ip the area of that vessel sustains 
fifteen pounds by weight, or nearly so, when the 
air is taken out, and you may try your strength 
presently in seeing whether you can overcome 
that pressure of the atmosphere 

Here is another very pretty thing — the boys’ 
sucker, only refined by the philosopher We 
young ones have a perfect right to take toys, 
and make them into philosophy, inasmuch as 
now-a-days we are turning philosophy into 
toys Here is a sucker, only it is made of india- 
rubber if I clap it upon the table, you see at 
once it holds Wliy does it hold? I can slip 
it about, and yet if I try to pull it up, it seems 
as if it would pull the table with it I can 
easily make it slip about from place to place. 
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but only when I bring it to the edge of the 
table can I get it off It is only kept down by 
the pressure of the atmosphere above We 
have a couple of them, and if you take these 
two and press them together, you will see how 
firmly they stick And, indeed, we may use 
them as they are proposed to be used, to stick 
against windows, or against walls, where they 
will adhere for an evening, and serve to hang 
anything on that you want I think, however, 
that you boys ought to be shewn experiments 
that you can make at home, and so heie is a 
very pretty experiment in illustration of the 
pressure of the atmosphere Here is a tumbler 
of water Suppose I were to ask you to turn 
that tumbler upside-doivn, so that the water 
should not fall out, and yet not be kept in by 
your hand, but merely by using the pressure of 
the atmosphere Could you do that ? Take a 
wine-glass, either quite full or half-full of water, 
and put a flat caid on the top, turn it upside- 
down, and then see what becomes of the card 
and of the water The air cannot get in because 
the water by its capillary attraction round the 
edge keeps it out 
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I Ihiiilv tinb ui!! gt\c you a coirtcL notion of 
V Inl }oii nnv c ill the niatcinlU} of the au , 
and uhdi J tell yon that the ho\ holdi a pound 
of It, and ihib room more than a ton, } on Mill 
bc'pn to tlunl- that an is '^oinctinn'^ \ci> buiicnis 
1 will mahe anolhei c\j>Lnm(.nt, totonvince \ou 
of this posiii\o rcsKiancc 1 heic is that be uiti- 
fu! c\]3eriinent of the poji^un, made so veil and 
so casih, } oa Know, out of a quill, or a lube or 
anythin" of that hind — wheie we tahe a slice of 
j otato, for inslanec, oi an apple, and tahe the 
lube and cut out a jiellct, as I hue now done, 
and push It to one end I ha\c made that end 
ticjlit, and now I tahe another piece and put it 
in It will confine the air that is within the tube 
pcifcctly and completely foi our purpose, and I 
sliall now find it absolutely impossible by any 
foice of mine to druc that little pellet close up 
to the othci It cannot be done I may press 
the air to a ccilain extent, but if I go on 
pressing, long bcfoic it comes to the second, the 
confined air wall clurc the front one out wath a 
foicc something lihc that of gunpowder, for 
gunpowder is in pait dependent upon the same 
action that you see hcie exemplified 
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I saw the other day an experiment which 
pleased me much, as I thought it would sei've 
our purpose here (I ought to have held my 
tongue for four oi five minutes before beginning 
this experiment, because it depends upon my 
lungs for success) By the proper application 
of air I expect to be able to di ive this egg out 
of one cup into the other by the foice of my 
breath, but if I fail, it is m a good cause, and 
I do not piomise success, because I have been 
talking more than I ought to do to make the 
expel iment succeed 

[The Lecturer here tiied the experiment, and 
succeeded in blowing the egg from ope egg-cup 
to the other] 

You see that the air which I blow goes doun- 
Avards between the egg and the cup, and makes 
a blast under the egg, and is thus able to lift a 
heavy thing — foi a full egg is a very heavy 
thing for air to lift If you want to make the 
experiment, you had better boil the egg quite 
hard fiist, and then you may very safely try to 
blow it fi om one cup to the other, ivith a little cai e 

I have now kept you long enough upon this 
property of the weight of the air, but there is 
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another thing- I should like to mention You 
saw the way in which, in this popgun, I was 
able to drive the second piece of potato half 
or two-thuds of an inch before the first piece 
started, by virtue of the elasticity of the air- — 
just as I pressed into the copper bottle the 
particles of air by means of the pump Now, 
this depends upon a wonderful property in the 
air, namely, its elasticity, and I should like to 
give you a good illustration of this If I take 
anything that confines the air properly, as this 
membrane, which also is able to contract and 
expand so as to give us a measure of the 
elasticity of the air, and confine in this bladder 
a certain portion of air, and then, if we take 
the atmosphere off from the outside of it, just 
as in these cases we put the pressure on — if we 
take the pressure off, you will see how it will 
then go on expanding and expanding, larger 
and larger, until it will fill the whole of this 
bell-jar, shewing you that wonderful property 
of the air, its elasticity, its compressibility, and 
expansibility, to an exceedingly large extent, 
and which is very essential for the purposes and 
seiauccs it performs in the economy of creation 
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We Will now turn to another very impoi tant 
part of our subject, remembering that we have 
examined the candle in its burning, and have 
found that it gives rise to various products 
We have the products, you know, of soot, of 
water, and of something else which you have 
not yet examined We have collected the 
water, but have allowed the other things to go 
into the air Let . us now examine some of 
these other products 

Here is an experiment which I think will 
help you in part m this way We will put our 
candle there, and place over it a chimney, thus 
I think my candle will go on burning, because 
the air-passage is open at the bottom and the 
top In the first place, you see the moisture 
appearing — that you know about It is water 
produced from the candle by the action of the 
air upon its hydrogen But, besides that, some- 
thing is going out at the top it is not moisture 
— it IS not water — it is not condensible, and 
yet, after all, it has very singular properties 
You will find that the air coming out of the top 
of our chimney is nearly sufficient to blow the 

light out I am holding to it . and if I put the 

K 
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light fairly opposed .to the current, it will blow it 
quite out You will say that is as it should be, 
-^-vrid I am supposing that you think it ought to 

1 so, because the nitrogen does not support 
or t\v 
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ought to put the candle out, 
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2S these I will take an emptj bottle — liere is 
one — and if, I bold it o\er tills cliimnei, I shall 
get the combustion of the candle belou sending 
Its results into the bottle aboie, and ne shall 
soon find that this bottle contains, not merely 
an air that is bad as regards the combustion of 
a taper put into it, but haimg other p'-operties 
Let me take a little quick-lime and pour 
some common water on to it — the commonest 
water will do I will stir it a moment, tlien 
pour It upon a piece of filtering paper in a 
funnel, and we shall vein* quickly have a clear 
w ater proceeding to the bottle below , as I have 
here I have plenty of this water in another 
bottle, but, nevertheless, I should Iilce to use the 
Jime-water that was prepared before you, so 
that you may see what its uses are If I take 
some of this beautiful clear hme-water, and pour 
it into this jar, which has collected the air from 
the candle, 3*ou w ill see a change coming about. 
Do you see that the water has become quite 
milky’ Obsen% that vill not happen W'lth air 
merely Here is a bottle filled with air, and if I 
put a httle hme-water mto it, neither the oxj'gen 
nor the nitrogen, nor an> thing else that is in that 
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quantity of an, will make any change in the 
lime-water It rcmanis peifcctly cleai, and no 
shaking of that quantity of lime-water with that 
quantity of air in its common state will cause 
any change, but if I take this bottle with the 
lime-water, and hold it so as to get the general 
pioducts of the candle in contact with it, in a 
very short time we shall have it milky There 
is the chalk, consisting of the lime which we 
used m making the lime-water, combined with 
something that came fiom the candle — that 
other product which we are in search of, and 
which I want to tell you about to-day This 
IS a substance made visible to us by its action, 
which IS not the action of the lime-water either 
upon the oxygen or upon the nitrogen, nor 
upon the water itself, but it is something new 
to us from the candle And then we find this 
white powder, produced by the lime-water and 
the vapour frorq the candle, appears to us 
very much like whitening or chalk, and, when 
examined, it does prove to be exactly the same 
substance as whitening or chalk So we are 
led, or have been led, to obseiwe upon the 
various circumstances of this experiment, and 
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to trace this production of chalk to its various 
causes, to give us the true knowledge of the 
nature of this combustion of the candle — to 
find that this substance, issuing fiom the 
candle, is exactly the same as that substance 
which would issue from a letort, if I weie to 
put some chalk into it With a little moistuie, 
and make it led-hot you would then find that 
exactly the same substance would issue from 
it as from the candle 

But we have a better means of getting this 
substance, and in greater quantity, so as to 
ascertain what its geneial characters are We 
find this substance m veiy great abundance m 
a multitude of cases where you would least 
expect it All limestones contain a great deal 
of this gas nhich issues from the candle, and 
which we call cat home acid All chalks, all 
shells, all corals contain a great quantity of 
this curious airs We find it fixed in these 
stones ) for which reason Di Black called it 
“fixed air” — finding it in these fixed things 
like marble aiid chalk He called it fixed air, 
because it lost its quality of air, and assumed, 
the condition of a solid body We can easily 
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get this air from marble Here is a jar con- 
taining a little muriatic acid, and heie is a 
taper which, if I put it lilto that jar, will shew 
only the pieseiice of common air Theie is, 
you see, pure air down to the bottom , the jar 
is full of it Here Is a substance — marble (i"), 
a very beautiful and Superior marble — and if 
I put these pieces of maible into the jar, a 
great boiling apparently goes on That, how- 
ever, IS not steam- — it is a gas that is rising 
up, and if I now search the jai by a candle, 
I shall have exactly the same effect produced 
upon the taper as I had from the air which 
issued from the end of the chimney over the 
burning candle It is exactly the same action, 
and caused by the very same substance that 
issued fiom the candle, and in this way we 
can get carbonic acid in great abundance — 
we have already nearly filled the jar We 
also find that this gas is not merely contained 
in marble Here is a vessel m w'hich I have 
put some common whitening — chalk, 'which 
has been washed in w'-alcr and deprived of 
Its coarser particles, and so supplied to the 
plasterer as whitening Here is a large jar 
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cojilainmg this '\\hitcnmg and ^^ater, and I 
]iavc here some strong sulphunc acid, winch 
IS tlie acid }ou might have to use if you 
\\cre to make these experiments (only, in usmg 
this acid with limestone, the body that is pio- 
duced IS an insoluble substance,, whereas the 
muriatic acid jDroduces a soluble substance 
that docs not so much thicken the water). 
And you will seek out a reason why I take 
this kind of apparatus for the purpose of shew- 
ing this experiment I do it because you 
may repeat in a small way what I am about 
to do in a large one You v ill have here 
just the same kind of action , and I am evolv- 
ing in this laigc jar caibonic acid, exactly the 
same m its natuic and properties as the gas 
which we obtained from the combustion of the 
candle in the atmosphcic And no matter 
ho\Y diffcicnt the two methods by Avhich we 
prepare this carbonic acid, }ou will see, when 
we get to tlie end of our subject, that it is all 
exactly the same, whether prepared in the one 
W'ay or m the other 

\V e will now proceed to the next expeiimcnt 
with rcgaid to this gas What is its nature? 
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Here IS one of the vessels full, and we will try 
It, as we liave done so many other gases, by 
combustion YoU sec it is not combustible, 
nor does it support combustion Neither, as 
we know, docs it dissolve much m water, 
because we collect it oVer water very easily 
Then, you know that it has an effect, and 
becomes white m contact with lime-water, 
and whert it does become wdnte in that w^ay, 
it becomes one of the constituents to make 
caibonate of lime of limestone 

The next thing I must shew you is, that it 
really docs dissolve a little in water, and there- 
fore that it is unlike oxygen and hydrogen in 
that respect I have here an apparatus by 
which we can produce this solution In the 
lower part of this apparatus is marble and 
acid, and in the upper part cold w'^ater The 
valves are so arranged that the gas can get 
from one to the other I will set it in action 
now'’, and you can see the gas bubbling up 
through the w'ater, as it has been doing all 
night long, and by this time We shall find 
that we have this substance dissolved in the 
water If I take a glass and draw off some 
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cf tlie \\ater, I find tnat it tastes a little acid 
to the mouth it is impregnated ^Mth carbonic 
acid , and if I no\r apply a httle lime-water 
to it, that M.1II gi\e ns a test of its presence 
This water will make the lime-water turbid 
and white, which is proof of the presence of 
carbonic acid 

Then it is a very weighty gas — ^it is heavier 
than the atmosphere I have put their respec- 
tive weights at the lower part of this table, 
along w'lth, for comparison, the weights of the 
other gases w'e have been examining — 



Pmt- 

Cub c Foo^ 

Hydrogen, 

1 grains 

-jV ounce- 

Oxjgen, 


ij » 

Kitrogen, 

lOlv 

1- „ 

Air, 

lOf", , 

If , 

Carbonic acid. 


liu » 


A pint of it weighs 16’ grains, and a cubic 
foot weighs Iyer ounce, almost two ounces 
You can see by many experiments that this 
IS a hea\y gas Suppose I take a glass con- 
taining nothing else but air, and from this 
\essel contaimng the carbonic aad I attempt 
to pour a little of this gas into that glass , 
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I wonder whether any has gone in 01 not 
I cannot tell by the appeal ance, but I can 
m this way [introducing the taper] Yes, there 
it IS, you see, and if I were to examine it 
by lime-water, I should find it by that test 
also I will take this little bucket, and put it 



Fig 30 


down into the Well of carbonic acid — indeed, 
we too often have real wells of carbonic acid 
— and now, if there is any carbonic acid, I ^ 
must have got to it by this time, and it will 
be in this bucket, which we will examine with 
a taper There it is, you see, it is full of 
carbonic acid 
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There is another expenment by v.hich I 
shev' 3'ou its weight I have here a jar 
suspended at one end of a balance — it is now 
equipoised , but v hen I pour thiS carbonic 
acid into the jar on the one side v.hich noir 
contains air, you vill see it Sink douai at 
once, because of the carbonic acid that I pour 
into it And no\,, if I examine this jar with 
the bghted taper, I shall find that the carbonic 
acid has fallen into it, and it no longer has 
any power of supporting the combustion If 
I blow a soap-bubble, which of course will be 
filled with air, and let it fall into tins jar of 
carbonic acid, it will Coat But I shall first 



of all take one of these little balloons filled 
with air I am not quite sure where tiie 
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caibonic acid is, ive will just try the depth, 
and see whereabouts Is its level There, you 
see, we have this bladder floating on the 
carbonic acid , and if I evoh e some more of 
the carbonic acid, the bladder will be lifted 
up higher There it goes — the jar is nearly 
full, and how I ^\lU see ^\hether I can blow 
a soap-bubble on that, and float it m the 
same way [The Lecturer here blew a soap- 
bubble, and allowed it to fall into the jar of 
carbonic acid, when it floated in it midway] 
It IS floating, as the balloon floated, by virtue 
of the greater eight of the carbonic acid 
than of the air And now, having so far 
given you the history of the carbonic acid — as 
to its sources in the candle, as to its physical 
properties and weight — when we next meet I 
shall shew you of what it is composed, and 
where it gets its elements fiom 
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CARBO'N OR CHARCOAL — COAL GAS — RESPIRA- 
TION AND ITS ANALOGY TO THE BURNING 
OF A CANDLE — CONCLUSION 

A LADY, wlio honours me by her piesence 
at these Lectmes, has confericd a still 
further obligation by sending me these two 
candles, which are from Japan, and, I pre- 
sume, are made of that substance to which I 
referred m a foimcr lecture You see that 
they are even fai moie liighly ornamented 
than the Ficnch candles, and, I suppose, are 
candles of luxury, judging fiom their appear- 
ance They have a lemarkable peculianty 
about them — namely, a hollow wick, — that 
beautiful peculiarity uhich Aigand introduced 
into the lamp, and made so valuable To 
those who icccive such picscnts from the 
East, I may just say that this and such like 
materials giadually undergo a change which 
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gives them on the surface a dull and dead 
appearance / but they may easily be restored 
to their original bcautj'i if the surface be 
rubbed with a clean jcloth or silk handkerchief, 
so as to polish the little rugosity or roughness 
this will restore the beauty of the colours I 
have so rubbed one of these candles, and you 
see the difference between it and the other 
which has not been polished, but which may 
be restored by the same process Observe, 
also, that these moulded candles fiom Japan 
are made more conical than the moulded 
candles in this part of the world 

I told you, when we last met, a good deal 
about carbonic acid We found, by the lime- 
water test, that when the vapour from the top 
of the candle or lamp was received into bottles, 
and tested by this solution of lime-water (the 
composition of Mhich I explained to you, and 
ivliich 3'-ou can make for yourselves), we had 
that white opacity which was in fact calcareous 
matter, like shells and corals, and many of the 
rocks and mineials in the earth But I have 
not yet told you fully and clearly the chemical 
history of this substance — carbonic acid — as we 
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have it from the candle, and I must now resume 
that subject We ha\e seen the products, and 
the nature of them, as they issue from the 
candle We ha\'e traced the water to its 
elements, and now we have to see where are 
the elements of the carbonic acid supplied b}'^ 
the candle A few experiments will shew this 
You remember that when a candle bums badly, 
it produces smoke, but if it is burning well, 
there is no smoke And you know' that the 
brightness of the candle is due to this smoke, 
which becomes ignited Here is an experiment 
to prove this so long as the smoke remains in 
the flame of the candle and becomes ignited, it 
gives a beautiful light, and nev'er appears to us 
in the form of black particles I will light 
some fuel, which is extravagant m its burning 
This w'lll sen'e our purpose — a little turpentine 
on a sponge You see the smoke rising from it, 
and floating into the air m large quantities, and, 
remember now', the carbonic acid that w'e ha\ e 
from the candle is from such smoke as that 
To make that c\ident to you, I will introduce 
tlus turpentine burning on the sponge into a 
flask where I have plenty of oxygen, the ricli 
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part of the atmosphere, and you now see that 
the smoke is all consumed This is the first 
part of our experiment, and now, what follows ^ 
The carbon which you saw flying off from the 
turpentine flame in the air is now entirely 
burned m this oxygen, and we shall find that it 
will, by this rough and temporary experiment, 
give us exactly the same conclusion and result 
as we had from the combustion of the candle 
The reason why I make the experiment in this 
manner is solely that I may cause the steps of 
our demonstration to be so simple that you can 
never for a moment lose the tram of reasoning, 
if you only pay attention All the carbon 
which is burned in oxygen, or air, comes out 
as carbonic acid, whilst those particles which 
are not so burned shew you the second sub- 
stance in the carbonic acid — namely, the carbon 
— ^that body which made the flame so bright 
whilst theie ivas plenty of air, but which was 
thrown off in excess when there was not oxygen 
enough to burn it 

I have also to shew you a little more dis- 
tinctly the history of carbon and oxygen, in 
their union to make carbonic acid You are 
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now better able to understand this than before, 
and I have prepared three or four experiments 
by vay of illustration This jar is filled uith 
o.\\o-cn, and here is some carbon uhich has been 
placed in a crucible, for the purpose of being 
made red-hot I keep my jar drv'-, and venture 
to gue you a result imperfect in some degree, 
m order that I may make the experiment 
brighter I am about to put the oxj’-gen and 
the carbon together That this is carbon 
(common charcoal puhcrised), }ou mil sec by 
the uay m which it burns in the air [Jetting ' 
some of the red-hot charcoal fall out of the 
crucible] I am now about to burn it in ogj'gen 
gas, and look at the difference It may appear 
to 3’ou at a distance as if it uerc burning mth 
a flame, but it is not so Everi^ little piece of 
charcoal is burning as a spaik, and whilst it 
so burns it is producing carbonic acid I 
specially -want these two or thiee experiments 
to point out what I shall dwell upon more dis- 
tinctly b^^-and-by — that carbon burns in this 
way, and not as a flame 

Instead of taking manj' particles of carbon 
to burn, I w ill take a rather large piece, w hich 

L 
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Will enable you to see the foim and size, and to 
trace the effects very decidedly Here is the, 
3ar of oxygen, and here is the piece of charcoal, 
to which I have fastened a little piece of wood, 
which I can set fire to, and so commence tlie 
combustion, ivhich I could not conveniently do 
without You now see the charcoal burning, 
but not as a flame (or if there be a flame, it is 
the smallest possible one, which I know the 
cause of — namely, the formation of a little 
carbonic oxide close upon the surface of the 
carbon) It goes on burning, you see, slowly 
producing* caibomc acid by the union of this 
carbon or charcoal (they are equivalent terms) 
with the oxygen I have heie anothei piece of 
charcoal, a piece of bark, wdiich has the quality 
of being blown to pieces — exploding as it bums 
By the effect of the heat, we shall reduce the 
lump of carbon into particles that will fly off, 
still every particle, equally with the whole mass, 
burns in this peculiar way it burns as a coal, 
and not like a flame You observe a multi- 
tude of little combustions going on, but no 
flame I do not know a finer experiment than 
this, to shew that carbon burns with a spaik 
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Hcie, then, is caibonic acid formed from its 
elements It is produced at once, and if rve 
examined it by lime-ivatei, you will see that 
we have the same substance which I have pie- 
viously described to you By putting together 
6 parts of carbon by weight (whether it comes 
fiom the flame of a candle or from powdeied 
charcoal) and 16 paits of oxygen by weight, 
we have 22 paits of carbonic acid, and, as we 
saw last time, the 22 parts of carbonic acid, 
combined with 28 paits of lime, produced 
common caibonate of lime If you were to 
examine an oyster-shell, and weigh the com- 
ponent paits, you would find that every 50 
parts would give 6 of carbon and 16 of oxygen, 
combined with 28 of lime, Howevei, I do not 
want to tiouble you with these minutiae — it is 
only the geneial philosophy of the matter that 
we can now go into See how finely the carbon 
IS dissolving away [pointing to the lump of 
chaicoal burning quietly m the jai of oxygen] 
You may say tlmt the charcoal is actually dis- 
solving m the air round about, and if thatVere 
peifectly pure chaicoal, which we can easily 
prepare, there would be no lesidue whatever 
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When «c liave a perfectly clean-^cd and puri- 
fied piece of carbon, tlieic is no neli left llic 
carbon burns as a solid dense body, that heat 
alone cannot change as to its j,olidit>, and > et it 
passes, a\\a> into aapour that nc\cr condenses 
into solid or liquid under ordinary circtirn- 
stances, and what is more curious still, is the 
fact that the o\\f(en docs not change in its 
bulk' by the solution of the carbon in it Just 
as the bulk is at fust, so it is at last, only it has 
become carbonic acid 

Ihcrc IS another experiment which I must 
giv'c }ou before j'ou arc fully acquainted with 
the gcncial nature of caibomc acid Being a 
compound bodj, consisting of carbon and 
oxygen, carbonic acid is a body that wc ought 
to be able to take asunder And so W'c can 
As A\c did with water, so wc can with caibonlc 
acid— take the tw'o parts asunder The simplest 
and quickest w^ay is to act upon the caibomc 
acid by a substance that can attract the oxygen 
from It, and leave the caibon behind You 
iccollcct that I took potassium and put it upon 
water or ice, and you saw that it could take 
the oxygen from the hydrogen Now^, suppose 
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we do something of the same kind here with 
this carbonic acid You know carbonic acid to 
be a heavy gas I will not test it with lime- 
watei, as that aviII interfere with our subsequent 
experiments, but I think the heaviness ^f the 
gas and the power of extinguishing flame will 
be sufficient for our purpose I introduce a 
flame into the gas, and you will see whether 
it will be put out You see the light is ex- 
tinguished Indeed, the gas may, perhaps, 
put out phorphorus, which, you know, has a 
pretty strong combustion Here is a piece of 
phosphorus heated to a high degree I intro- 
duce it into gas, and you observe the light is 
put out, but it will take fire again in the air, 
because there it re-enters into combustion' 
Now, let me takd a piece of potassium, a sub- 
stance which, even at common temperatures, 
can act upon carbonic acid, though not suffi- 
ciently for our present purpose, because it soon 
gets covered with a protecting coat , but if we 
warm it up to the burning point in air, as we 
have a fair right to do, and as we have done 
with phosphorus, you will see that it can burn 
in carbonic acid, and if it bums, it will burn by 
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taking oxygen, so that )’'ou imII see what is left 
behind I am going, then, to bum this potas- 
sium in the carbonic acid, as a i^roof of the 
existence of ogj'gcn m the carbonic acid [In 
the prehminaiy process of heating, tlie potas- 
sium exploded ] Sometimes we get an au kward 
piece of potassium that explodes, or something 
like it, when it bums I will take anothei 
piece, and now that it is heated, I introduce it 
into the jar, and you perceive that it bums m 
the carbonic acid — not so veil as in the air, 
because the caibomc acid contains the oxygen 
combined, but it docs burn, and takes away the 
ox>gcn If I now put this potassium into 
vatcr, I find that, besides the potash formed 
(which }ou need not trouble about), there is a 
quantity of carbon produced I have here made 
the experiment in a vciy rough way, but I 
assiiicjou that if I wcie to make it carefully, 
devoting a day to it, instead of five minutes, 
we should get all the proper amount of charcoal 
left m the spoon, or in the place where the 
potassium was burned, so that there could be 
no doubt as to the icsult Here, thc;i, is the 
carbon obtained fiom the caVbonic acid, as a 
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common black substance, so that )mu have the 
entire proof of the nature of carbonic acid as 
consisting of caibon and oxygen And no\c, 
I may tell \ou, that lolicnrjc/ carbon burns 
under common circumstances, it pioduces car- 
bonic acid 

Suppose I take this piece of wood, and put it 
into a bottle with lime-water I might shake 
that lime-water up with wood and the atmo- 
sphere as long as I pleased, it would still remain 
clear as you see it, but suppose I bum the 
piece of wood in the air of that bottle You, of 
course, know I get water Do I get carbonic 
acid^ [The experiment was pei formed] There 
it IS, }ou sec — that is to say, the carbonate 
lime, which results from carbonic acid, and that 
carbonic acid must be formed from the carbon 
vhich comes from the wood, from the candle, 
or any other thing Indeed, you ha\e 5 our- 
selves frequentl) tried a \ciy pretty experiment, 
by which }ou maj" see the carbon in wood 
If j'Ou take a piece of wood, and partly bum 
it, and then blow it out, ymu have carbon left. 
Thcie arc things that do not shew' carbon m 
this way* A dandle docs not shew it, but it 
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contains carbon Here also is a jai of coal-gas, 
^\lncb pi oduccs carbonic acid abundantly You 
do not sec tbc carbon, but can soon slicu it 
lOAOU I \m 11 light it, and as long as there is 
an}'’ gas in tins cylinder it will go on burning 
You see no carbon, but you see a flame , and 
because that is bright, it will lead }'’ou to guess 
that there is carbon in the flame But I will 
shew' it to you by another process I liaie 
some of the same gas in another vessel, mivcd 
with a body that will burn the ]i}drogcn of tlie 
gas, but will not burn the carbon I will light 
them with a burning tapci, and }ou perceive 
the h} drogen is consumed, but not the carbon, 
which is left behind as a dense black smoke I 
hope that by tlicsc three or four experiments 
}ouwill learn to see when cJlrbon 'present, 
and understand what arc the products of com- 
bustion, when gas or other bodies are tlioroughly 
burned in the air 

Before we lea\e the subject of carbon, let 
us make a few' expenments and remarks upon 
Its wonderful condition as respects ordinary 
combustion I have shewn }bu that the carbon 
in burning burns only as a solid body, and } et 
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3'-ou perceive that, after it is burned, it ceases 
to be a solid There are very; few fuels that 
act like this It is, m fact, only that great 
source of fuel, the carbonaceous series, the 
coals, charcoals, and woods, that can do it 
I do not know tliat there is any other ele- 
mentaiy substance besides carbon that burns 
with these conditions , and if it had not been 
so," what would happen to us ^ Suppose all 
fuel had been like iron, which, when it burns, 
burns into a solid substance We could not 
then have such a combustion as you have in 
this fire-place Heie also is another kind of 
fuel which burns very well — as i\ell as, if not 
better, than carbon — ^so well, indeed, as to take 
fire of Itself when it is in the air, as you see 
[brealcing ~a tube full of lead pyrophorus] 
This substance is lead, and you see how 
wonderfully combustible it is It is very much 
divided, and is like a heap of coals in the fire- 
place, the air can get to its surface and inside, 
and so it burns But why does it not burn 
in that way now, ivhen it is lying in a mass ? 
[emptying the contents of the tube in a heap 
on to a plate of iron] Simply because the air 
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contains caibon Here also is a jar of coal-gas, 
\\lnch produces carbonic acid abundantly You 
do not see the carbon, but we can soon shew it 
to you I will light it, and as long as there is 
any gas in this C3dinder it will go on burning 
You see no carbon, but you see a flame , and 
because that is bright, it will lead you to guess 
that there is carbon in the flame But I will 
shew it to you by another process I have 
some of the same gas in another vessel, mived 
with a body that will bum the hydrogen of the 
gas, but will not bum the carbon I will light 
tliem with a burning taper, and jmu peiceive 
the hydrogen is consumed, but not the carbon, 
which is left behind as a dense black smoke I 
hope that by these three or four experiments 
jmu will learn to see when carbon present, 
and understand what are the products of com- 
bustion, when gas or other bodies are thoroughly 
burned m the air 

Before we leave the subject of caibon, let 
us make a few experiments and remarks upon 
its wondeiful condition as respects oidinary 
combustion I have shewn jmu that the carbon 
in burning burns only as a solid body, and yet 
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3^ou perceive that, after it is burned, it ceases 
to be a solid There are very few fuels that 
act like this It is, m fact, only that great 
source of fuel, the carbonaceous series, the 
coals, charcoals, and woods, that can do it 
I do not know that there is any other ele- 
mentary substance besides carbon that bums 
with these conditions , and if it had not been 
so, what would happen to us^ Suppose all 
fuel had been like iron, which, when it bums, 
bums into a solid substance We could not 
then have such a combustion as you have m 
this fire-place Here also is another kind of 
fuel'Avhich bums very well — as well as, if not 
better, than carbon — so well, indeed, as to take 
fire of Itself ivhen it is in the air, as you see 
[breaking - a tube full of lead pyrophoms] 
This substance is lead, and you see how 
wonderfully combustible it is It is very much 
divided, and is like a heap of coals in the fire- 
place, the air can get to its surface and inside, 
and so it bums But why does it not burn 
in that way noiv, when it is lying in a mass ? 
[emptying the contents of the tube in a heap 
on to a plate of iron] Simply because the air 
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cannot gdt to it Though it can produce a 
gieat heat, the great heat which we want in 
oui fuinaccs and under our boilers, still that 
nhich IS produced cannot get away from the 
portion which remains unburned undeineatli, 
and that portion, therefore, is prevented from 
coming m contact with the atmosphcie, and 
cannot be consumed How diffcicnt is that 
from carbon Carbon burns just m the same 
way as this lead docs, and so gives an intense 
file in the fuinacc, or wherever you choose to 
burn it , but then the body produced by its 
combustion passes away, and the lemaining 
caibon is left clear I shewed you how caibon 
went on dissolving in the oxygen, leaving no 
ash, ivliercas here [pointing to the heap of 
pyrophorus] we have actually more ash than 
fuel, foi it is heavier by the amount of the 
oxygen which has united with it Thus j'-ou 
see the difference between caibon and lead or 
iron» if we choose iron, which gives so wondeiful 
a result in our application of this fuel, either 
as light or heat If, ivhen the carbon burnt, 
the product went off as a solid body, you 
would have had the room filled with an opaque 
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substance, as in the case of the phosphorus, 
but when carbon bums, everj^thing passes up 
into the atmosphere It is in a fixed, almost 
unchangeable condition before the combustion, 
but aftenvaids it is in the form of gas, which 
it IS veiy difficult (though we have succeeded) 
to pioduce in a solid or a liquid state 

Now, I must take you to a veiy interesting 
part of oui subject — to thd relation between 
the combustion of a candle and that living 
kind of combustion which goes on wnthm us 
In ever)’' one of us there is a living process of 
combustion going on very similar to that of a 
candle, and I must try to make that plain to 
you For it is not merely true in a poetical 
sense — the relation of the life of man to a 
taper, and if you will follow, I think I can 
make this clear In order to make the relation 
very plain, I have devised a little apparatus 
which w'c can soon build up before you Here 
is a board and a groove cut in it, and I can 
close the groove at the top pait by a little 
co\er I can then continue the groove as a 
channel by a glass tube at each end, there being 
a free passage thiough the wdiole Suppose 
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I take a taper or candle (we can now be 
hbcial in oui use of the word “candle,” since 
wc understand what it means), and place it 
in one of the tubes, it will go on, you sec, 
burning very well You observe that the air 
which feeds the flame passes down the tube 



at one end, then goes along the horizontal 
tube, and ascends the tube at the other end 
in which the taper is placed If I stop the 
aperture through which the air enters, I stop 
combustion, as you perceive I stop the supply 
of air, and consequently the candle goes out 
But, now, what will you think of this fact ■* 
In a former experiment I shewed you the air 
going from one burning candle to a second 
candle If I took the an pioceeding from 
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another candle, and sent it down by a com- 
plicated arrangement into this tube, I should 
put this burning candle out But what ^\ill 
you say %\hen I tell you that my breath amU 
put out that candle^ I do not mean by 
blowing at all, but simply that the nature 
of my breath is such that a candle cannot 
bum in it I AVill now hold my mouth over 
the aperture, and AAithout bloAving the flame 
in any way, let no air enter the tube but a\ hat 
comes from my mouth You see the result 
I did not blow the candle out I merely let 
the air which I expired pass into tlie aperture, 
and the result was that tlie light went out for 
want of oxygen, and for no other reason 
Something or other — namely, my lungs — ^had 
taken aAsay the oxygen from the air, and 
there Avas no more to supply the combustion 
of the candle It is, I think, A'^ery prett}'' to 
see the time it takes before the bad air AAhich 
I throAV into this part of the apparatus has 
reached the candle The candle at first goes 
on burning, but so soon as the air has had 
time to reach it, it goes out And, noAA^, I aa ill 
shew you another experiment, because this is 
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I take a taper or candle (we can now be 
liberal in our use of the word candle,” since 
we understand what it means), and place it 
in one of the tubes, it will go on, you see, 
burning veiy well You observe that the air 
which feeds the flame passes down the tube 
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at one end, then goes along the horizontal 
tube, and ascends the tube at the other end 
in which the taper is placed If I stop tlie 
aperture through which the air enters, I stop 
combustion, as you perceive I stop the supply 
of air, and consequently the candle goes out 
But, now, what will you think of this fact ^ 
In a former experiment I shewed you the air 
going from one burning candle to a second 
candle If I took the air pioceeding from 
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as IS exidcnt from the ascent and descent of 
the water, and now, by putting a taper into 
the air, you -will see the state in ^\hIch it is, 
b> the light being extinguished Even one 
inspiration, } ou see, has completely spoiled this 
air, so that it is no use my trying to breathe 
it a second time Now, you understand the 
ground of the impropriety of many of the 
arrangements among the houses of the poorer 
classes, by uluch the air is breathed over and 
over again, for the want of a supply, by means 
of proper ventilation, sufficient to produce a 
good result You see how bad the an becomes 
by a single breathing, so that you can easily 
understand how essential fresh air is to us 

To pursue this a little further, let us see what 
Will happen with lime-water Here is a globe 
which contains a little lime-water and it is so 
airanged as regards tlie pipes, as to giv e access 
to the air within, so that we can ascertain the 
effect of respiied or unrespired air upon it Of 
course, I can either draw’- in air (thiough a), and 
so make the air that feeds- m> lungs go through 
the lime-water, or I can foice the air out of my 
lungs through the tube (d), which goes to the 
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an important part of our philosophy Heie is 
a jar which contains fresh air, as you can see 
by the circumstance of a candle or gas-hght 
burning it I make it close for a little time, 
and by means of a pipe I get rhy mouth over 
It so that I can inhale the air By putting it 
over water, in the way that you see, I am able 



to diaw up this air (supposing the cork to 
be quite tight), take it into my lungs, and 
throw it back into the jar We can then 
examine it, and see the result You observe, 
I first take up the air, and then throw it back, 



A CTION or THE BREA TH ON LIME- WA TER 177 

as IS evident from the ascent and descent of 
the water, and now, by putting a taper into 
the an, you will see the state in which it is, 
by the light being extinguished Even one ► 
inspiration, you see, has completely spoiled this 
air, so that it is no use my trying to breathe 
it a second time Now, you undei stand the 
giound of the impropiiety of many of the 
arrangements among the houses of the poorer 
classes, by which the air is breathed over and 
over again, foi the want of a supply, by means 
of proper ventilation, sufficient to produce a 
good result You see how bad the an becomes 
by a single breathing, so that you can easily 
understand how essential fresh air is to us 

To pmsue this a little fuithei, let us see what 
will happen with lime-water Here is a globe 
which contains a little lime-watei, and it is so 
arranged as regaids the pipes, as to give access 
, to the air within, so that we can ascertain the 
effect of respired or unrespitcd an upon it Of 
couise, I can either draw in air (through a ), and 
so make the an that feeds, my lungs go thiough 
the lime-water, or I can foice the air out of my 
lungs through the tube ( b ), which goes to the 
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bottom, and so shew its effect upon the lime- 
water You will observe that, however long I 
diaw the external air into the lime-water, and 
^ then through it to my lungs, I shall produce no 
effect upon the water — it will not make the 
lime-water turbid, but if I throw the air pom 
my lungs through the lime-water, several times 



in succession, you see how white and milky 
the water is getting, shewing the effect which 
expired air has had upon it, and now you begin 
to know that the atmosphere which we have 
spoiled by respiration is spoiled by carbonic 
acid, for you see it here m contact with the 
lime-water 

I have here two bottles, one containinsr 

* O 
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limc-'water and the othei common water, and 
tubes w'hich pass into the bottles and connect 
them The apparatus is very rough, but it is 
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useful notwithstanding If I take these tw^o 
bottles, inhaling hcie and evlialing there, the 
arrangement of the tubes ivill pi event tlie air 
going backw'aids The air coming in will go 
to my mouth and lungs, and in going out, 
\\ill pass through the lime-ivater, so that I can 
go on breathing and making an expciiment, 
very refined in its nature, and verj^ good in its 
results You ivill obsdh'-e that the good air 
has done nothing to the hme-watcr, in the 



I So THU CHEMICAL HISTORY OF A CAADLE 

other case nothing has come to the lime-water 
but my respiration, and you see the difference 
in the two cases 

Let us now go a little further What is 
all this process going on within us which 
we cannot do without, either day or night, 
Athich IS so provided for by the Author of 
all things tliat He has arranged that it shall 
be independent of all wilH If we restrain 
our respiration, as Ave can to a certain extent, 
•\\e should destroy ourselves When we are 
asleep, the organs of respiration, and the parts 
that are associated Avith them, still go on 
Avith their action — so necessary is this process 
of respiration to us, this contact of tlie air Avith 
the lungs I must tell you, in the briefest 
possible manner, Avhat this process is We 
consume food the food goes through that 
strange set of vessels and organs AVithin us, 
and IS brought into various parts of the 
system, into the digestive parts especially, 
and alternately the portion which is so changed 
IS carried through our lungs by one set of 
vessels, Avhile the air that we inhale and 
exhale is diaAvn into and thrown out of the 
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lungs by anothci* set of vessels, so that the 
air and the food come close together, separated 
only by an exceedingly thin surface the air 
can thus act upon the blood by this process, 
producing precisely the same results m kind as 
V. e have seen in the case of the candle The 
candle combines nith parts of the air, forming 
carbonic acid, and e\ olv es heat , so in the 
lungs there is tins curious, ivonderful change 
taking place The air entering, combines with 
the carbon (not carbon in a free state, but, as 
in this case, placed ready for action at the 
moment), and makes carbonic acid, and is so 
thrown out into the atmosphere, and thus this 
singular result takes place we may thus look 
upon the food as fuel Let me take that piece 
of sugar, vhich will senm my purpose It is a 
compound of carbon, hydrogen, and oxygen, 
similar to a candle, as containing the same 
elements, though not m the same proportion — 
the proportions being as shewn in this table — 


Carbon, 

Sugar. 

72 

Iljdrogen, 

* 


Ovjgcn, 

* 

ssi 
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This IS, indeed, a verj'- curious thing, which 
j'-ou can well lemember, for the oxygen and 
hydrogen are in exactly the propoi tions which 
form water, so that sugar may be said to be 
compounded of 72 parts of carbon and 99 parts 
of water, and it is the carbon in the sugar that 
combines ynth the oxygen cairied in by the 
air in the piocess of lespiration — so making us 
like candles — producing these actions, warmth, 
and far more wonderful results besides, for the 
sustenance of the system, by a most beautiful 
and simple process To make this still moic 
striking, I will take a little sugar, or, to hasten 
the experiment, I will use some syrup, which 
contains about three-fourths of sugar and a 
little water If I put a little oil of vitriol on 
it, it takes away the water, and leaves the 
carbon in a black mass [The Lecturer mixed 
the two together] You see how the carbon 
IS coming out, and before long we shall have 
a solid piass of charcoal, all of which has 
come out of sugar Sugar, as you know, is 
food, and here we have absolutely a solid 
lump of carbon where you would not have 
expected it And if I make an ingements so 
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as lo oxidize the carbon of sugar, we shall 
have a much more striking result Here is 
sugar, and I ha\c here an oxidizer — a quicker 
one than the atmcsplicrc. and so ne shall 
oxidize this fuel b}- a process different from 
respiration in its fonn, though not diffcrcrt 
in Its kind It is the combustion of llic 
carbon by the contact of oxygen vlnch the 
bod}' has supplied to it If I set this into 
action at once, }ou will see combustion pro- 
duced Just what occurs in m\ lungs — taking 
in OX} gen from another source, namcl}', tlm 
atmosphere — takes place here b} a more rajud 
process 

You will be astonished when I tell }ou what 
this curious pla} of carbon amounts to A 
candle will bum some four, fuc, six, or serci 
hours \Miat, then, must be the dail} amount 
of carbon gOiOg up into the air in the v.n> 
of carbonic acid' Yhat a quantity of cat bon 
must go from each of us in respiration' What 
a wonderful change of carbon must take place 
under llicsc circumstances of combustion or 
respiration' A man in t\\ cut} -four houis 
conv'crls as mucli as sc\cn ounces of carbon 
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into carbonic acid, a milcli co\" Mill convert 
seventy ovinccs, and a horbC sc\ cnl} -nine ounces, 
solely by the act of respiration That is, the 
horse in tuenty-four houis burns scvcnt>-ninc 
ounces of charcoal, or carbon, in his organs 
of respiration, to supply his natural warmth 
in that lime All the waim-bloodcd animals 
get their warmth in this way, by the conver- 
sion of carbon, not in a free stale, but in a 
state of combination And wliat an c\tra- 
ordinarj' notion this giv'cs us of the alterations 
going on in our atmosphere As much as 
5,000,000 pounds, or 54S tons, of carbonic acid 
IS formed by rcspiiation in London alone in 
twenty-four hours And where docs all this 
go^ Up into the air If the carbon had been 
like the lead which I shewed you, or the iron 
w'hich, in burning, produces a solid substance, 
what would happen^ Combustion could not 
go on As dial coal burns, it becomes a vapour 
and passes off into the atmosphere, w Inch is the 
great vehicle, the great earner for conveying it 
aw'ay to other places Then, w hat becomes of 
it ? Wonderful is it to find that the change 
produced by' lespiration, which seems so 
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injurious to us (for we cannot bieathe air 
twice over), is the ver^'- life and support of 
plants and vegetables that grow upon the 

surface of the earth It is the same also 

under the surface, in the great bodies of 

nater, for fishes and other animals respne 
upon the same principle, though not exactly 
by contact with the open air 

Such fish as I have here [pointing to a 
globe of gold-fish] respire by the oxygen which 
IS dissolved from the air by the water, and 
form carbonic acid, and they all move about 
to produce the one great work of making 
the animal and vegetable kingdoms subser- 
vient to each other And all the plants 

growing upon the surface of the earth, like 
that which I have brought heie to serve as 
an illustration, absorb carbon These leaves are 
taking up their carbon from the atmosphere, 
to wdnch -we have given it in the form of 
carbonic acid, and they are growing and 
prospering Give them a pure air like ours, 
and they could not live in it, give them caibon 
with other matters, and they live and rejoice. 
This piece of Avood gets all its caibon, as the 
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tiecs and plants get theirs, from the atmo- 
sphere, which, as Ave have seen, cairies away 
whar IS bad for us and at the same time good 
for them, — Avliat is disease to the one being 
health to the other So are Ave made de- 
pendent, not merely upon our felloAA^-creatures, 
but upon our fclloAA'-cxisters, all Nature being 
tied together by the laAA's that make one pait 
conduce to the good of another 

Theie is another little point Avhich I must 
mention befoie avc draAv to a close- — a point 
Avhich concerns the Avhole of these operations, 
and most curious and beautiful it is to see it 
clustering upon and associated AA'ith the bodies 
that concern us — oxygen, hydrogen, and caibon, 
in diffeient states of their existence I shelved 
you just noAv some poAvdered lead, Avhich I set 
burning (‘®) , and you saiv that the moment 
the fuel AA^as brought to the air, it acted, even 
before it got out of the bottle — the moment 
the air crept in, it acted Noav, there is a 
case of chemical affinity by Avhich all our 
operations proceed When Ave breathe, the 
same operation is going on Avithin us When 
Ave burn a candle, the attraction of the dif- 
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feient parts one tb the othei is going bn. 
Heie it IS going oil iil this cash of the lead, 
and It IS a beautiful instance of chemical 
affinity If the products of combustion losc 
. off from the surface, the lead uould take file, 
and go on burning to the end , but you 
remember that \\c have this diffeience between' 
charcoal and lead — that, Avhile the lead can 
stait into action at once, if theie be access 
of air to It, the caibon will remain days, 
weeks, months, or years The manuscripts of 
Herculaneum were written with caibonaceous 
ink, and theie they have been for 1,800 years 
or moie, not having been at all changed by 
the atmosphere, though coming in contact 
with it under vaiious circumstances Now, 
what IS the circumstance which makes the 
lead and carbon diffei m this respect^ It is 
a striking thing to see that the matter which 
IS appointed to seiwe the purpose of fuel tvaiis 
in Its action it docs not stait off burning, 
like the lead and many othci things that I 
could shew you, but which I have not encum- 
bered the table with, but it waits foi action 
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This waiting is a curious and wonderful thing 
Candles — those Japanese candles, for instance 
— do not start into action at once, like the 
lead or iron (for iron finely divided does tlie 
same thing as lead), but there they wait for 
years, perhaps for ages, AvitliOut undeigoing 
any alteration I have here a supply of coal- 
gas The jet is giving fortli tlie gas, but you 
see it does not take fire — it comes out into the 
air, but it vaits till it is hot enough before it 
burns If I make it hot enough, it takes fire 
If I blow it out, the gas that is issuing fortli 
waits till tlie light is applied to it again It 
IS curious to see how different substances 
vait — how some will vait till the temperature 
IS raised a little, and otliers till it is raised a 
good deal I have here a little gunpovder 
and some gun-cotton, even these things differ 
in the conditions under which they vill burn 
The gunpowder is composed of carbon- and 
other substances, making it highly combustible, 
and the gun-cotton is anotlier combustible pre- 
paration They are both waiting, but they will 
start into actuitj at different degrees of heat, 


X 
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or under different conditions By applying a 
heated wire to them, we shall sec which will 
start first [touching the gun-cotton with the 
hot iron] You see the gun-cotton has gone 
off, but not even the hottest part of the wire 
IS now hot enough to fire the gunpowdei 
How beautifully that shews j’-ou the diffeicnce 
in the degree in which bodies act m this way’ 
In the one case the substance will wait any 
time until the associated bodies aie made 
active by heat, but m the othei, as m the 
process of respiiation, it waits no time In 
the lungs, as soon as the air enters, it unites 
with the carbon , even m the lowest tem- 
peratuie which the body can bear shoit of 
being frozen, the action begins at once, pro- 
ducing the carbonic acid of respiration and 
so all things go on fitly and properly Thus 
you see the analog}^ between respiration and 
combustion is rendered still moie beautiful and 
striking Indeed, all I can say to you at the 
end of these lectui es (for we must come to an 
end at one time or other) is to express a wish 
that you may, in your generation, be fit to 
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tompare to a candle, that you may, like it, 
shine as lights to those about you, that, m 
all youi actions, you may justify the beauty 
of the taper by making your deeds honoui- 
able and eflectlial m the discharge of your 
duty to youi fellow-men. 



LECTURE ON PLATINUM 


\Dihveied hejotc the HovaL Institution, on Fiiday, 

Fcbi ua>y 22^ tS6i J 

W HETHER I Avas to hav’-e the honour 
of appearing before you this cA'^cning 
or not, seemed to be doubtful upon one or 
tAvo points One of these I Avill mention 

immediately, the other may or may not 
appear during the course of the hour that 
folloAVS' The first point is this When. I AA^as 
tempted to promise this subject for your 
attention this evening, it Avas founded upon a 
promise, and a full intent of perfoimmg that 
promise, on the part of my fiiend Deville, of 
Parjs, to come here to shcAV before 5’’Ou 
a phenomenon in metallurgic chemistiy'’ not 
common In that I have been disappointed 
His intention Avas to have fused here some 
thirty or forty pounds of platinum, and so to 
have made manifest, through my mouth and 
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my statement, the principles of a new process 
in metallurgy, in relation to this beautiful, 
magnificent, and valuable metal , but circum- 
stances over which neither he nor I, nor 
others concerned, have sufficient control, have 
prevented the fulfilment of that intention, and 
the period at which I learned the fact was so 
recent, that I could haidly leave my place 
here to be filled by anotner, or permit you, 
who in your kindness have come to hear what 
might be said, to remain unreceived in the 
best manner possible to me under the circum- 
stances I therefore propose to state, as well 
as I can, what the principles are on which 
M Deville proceeds, by means of drawings, 
and some subordinate or inferior experiments 
The metal platinum, of which you see some 
very fine specimens on the table, has been 
known to us about a hundred years It has 
been wrought in a beautiful way in this 
country, in France, and elsewhere, and sup- 
plied to the consumer in ingots of this kind, 
or in plates, such as we have here, or in 
masses, that by their very fall upon the table 
indicate the great weight of the substance. 
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winch IS, indeed, neatly at the head of all 
substances in tliat respect This substance 
has been given to us hitherto mainly through 
the philosophy of Dr Wollaston, nhom many 
of us knon, and it is obtained m gicat purity 
and beauty It is a verj'^ remarkable metal in 
many points, besides its known special uses 
It usually comes to us in grains Here is a 
very fine specimen of native platinum in grains 
Here is also a nugget or ingot, and here are 
some small pieces galhcicd out of ceitam 
alluvial soils in Brazil, Mcmco, California, and 
the Urahan distiicts of Russia 

It is strange that this metal is almost always 
found associated uilh some four oi five other 
metals, most curious m their qualities and 
characteristics They arc called plati'niferous 
metals , and they have not only the relation of 
being always found associated m this manner, 
but they have othei relations of a curious 
nature, which I shall point out to you by a 
reference to one of the tables behind me This 
substance is always native — it is always in the 
metallic state, and the metals with which it is 
found connected, and which aic rarely found 
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elsewhere, are palladium, rhodium, indium, 
osmium, and luthenmm We have the names 
in one of the tables aiianged in two columns, 
lepresentmg, as you see, two groups — platinum, 
indium, and osmium constituting one group, 
and ruthenium, rhodium, and palladium the 
other Three of these have the chemical 
equivalent of 98}, and the others a chemical 
equivalent of about half that number Then 
the metals of one group have an extreme 
specific giavity — platinum being, m fact, the 
lightest of the three, or as light as the lightest 
Osmium has a specific gravity of 214, and 
IS the heaviest body in natuie, platinum is 
2115, and }rid}um the same, the specific 
giavity of the other three being only about 
half that, namely, 113, 12 i, and ii 8 Then 
there is this curious relation, that palladium 
and indium are very much alike, so that you 
would scarcely know one from the other, 
though one has only half the weight of the 
othei, and only half the equivalent power 
So with indium and ihodium, and osmium 
and luthcnium, which are so closely allied 
that they make pairs, being separated each 
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from its o^^n gioup Then these mctnls are 
the most infusible that we possess Osmium 
is the most difficult to fuse indeed, I belici c 
it never has been fused, while c\cn othci 
metal has Ruthenium comes next, indium 
next, rhodium next, platinum next (so that it 
rani s here as «a pretty fusible metal, and 5 ct 
we have been long' accustomed to speak of 
the infusibilit}'- of platinum), and next comes 
palladium, vvhicli is the most fu'-iblc metal of 
the whole It is a curious thing to sec this 
fine association of plnsical propcitics coming 
out in metals which aic grouped together 
somehow or other in nature, but, no doubt, 
by causes which arc related to analogous pto- 
perties in their situation on the surface of the 
earth, for it is in alluvial soils that these 
things are found 

Now^, with regard to this substance, let me 
tell you briefly how wc get it The process 
used to be tins Ihc 01 c wdiicli I shcw'cd you 
just now u’as taken, and digested in nitio- 
muriatic acid of a certain strength, and partly 
converted into a sohit'on, wulh the leaving 
behind of certain bodies that I Jiavc upon the 
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table The platinum being dissolved with 
care in acids, to the solution the muiiate of 
ammonia was added, as I am about to add it 
here A yellow precipitate was then thrown 
down, as you peiceive is the case now, and 
this, carefully washed and cleansed, gave us 
that body [pointing to a specimen of the chlo- 
ride of platinum and ammonium], the other 
elements, or neaily all, being ejected This 
substance being heated, gave us what we call 
platinum sponge, or platinum m the metallic 
state, so finely divided as to form a kind of 
heavy mass oi sponge, which, at the time that 
Dr Wollaston first sent it forth, Avas not 
fusible for the market or in the manufac- 
turers’ workshops, inasmuch as the temperature 
required Avas so high, and there Avere no 
furnaces that could bring the mass into a 
globule, and cause the paits to adhere together 
Most of our metals that Ave obtain from 
nature, and Avork in our shops, are brought 
at last into a mass by fusion I am not 
aAvare that there is in the arts or sciences 
any other than iron AA^hich is not so Soft 
iron Ave do not bring together by fusion, but 
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by a process which is analogous to the one 
that nas followed in the case of platinum, 
namely, welding , foi these divided grains of 
spongy platinum having been Well washed and 
sunk 111 water for the puiposs of excluding 
air, and pressed togethei, and heated, and 
hammered, and pressed again, until they come 
into a pretty close, dense, compact mass, did 
so cohere, 'that when the mass was put into 
the furnace of charcoal, and raised to a high 
temperature, the particles, at first infinitely 
divided — for they were chemically divided — 
adhered the one to the other, each to all the 
rest, until they made that kind of substance 
which you see here, which will bear rolling 
and expansion of eveiy kind No other pro- 
cess than that has hitherto been adopted foi 
the purpose of obtaining this substance from 
the particles by solution, precipitation, ignition, 
and welding It certainly is a very fine thing 
to see that we may so fully depend upon the 
properties of the various substances we have 
to deal with, that we can, by cari^nng out 
our piocesses, obtain a material like this, 
allowing of diMsion and extension undei a 
rolling mill— a material of the finest possible 
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Ivind, the parts being- held together, not -with 
interstices, not -with porosity, but so continuous 
that no fluids can pass between them , and, 
as Dr Wollaston beautifully shewed, a globule 
of platinum fused by the voltaic battery and 
the oxy-hydrogen blowpipe, when drawn into 
a wire, was not sounder or stronger than 
this wire made by the curious coalescence of 
the particles by the sticking power that the}'- 
had at high temperatures This is the pro- 
cess adopted by Messrs Johnson and Matthey, 
to whose great kindness I am indebted for 
these ingots and for the valuable assistance I 
have received in the illustrations 

The treatment, however, that I have to bring 
before you is of another kind, and it is in the 
hope that we shall be able before long to have 
such a thing as the manufacture of platinum 
of this kind, that I am encouiaged to come 
before you, and tell you how far Dcville has 
gone in the matter, and to give you illustrations 
of the principfcs on Aihich he proceeds I 
think it IS but fair that }'-ou should see an 
cxpciimcnt shewing you the way in -which we 
get the adhesion of platinum Probably you 
all know' of the welding of iron- }ou go into 
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the smith’s shop, and you see him put the 
handle of a poker on to the stem, and by a 
little management and the application of heat 
he makes them one You have no doubt 
seen him put the iron into the fire and 
sprinkle a little sand upon it He does not 
know the philosophy he calls into play when 
he sprinkles a little sand over the oxide of 
iron, but he has a fine philosophy there, or 
practises it, when he gets his welding I can 
shew you here this beautiful circumstance of 
the sticking together of the particles up to the 
fullest possible intensity of their combination 
If you Avere to go into the workshops of Mr 
Matthey, and see them hammering and welding 
away, jmu Avould see the value of the experi- 
ment I am about to shew you. I have here 
some platinum-wire This is a metal which 
resists the action of acids, resists oxidation by 
heat, and charge of any sort, and which, 
therefore, I may heat m the atmosphere with- 
out any flux I bend the ware so as to make 
the ends cross these I make hot by means 
of the blow'pipe, and then, by giving them a 
tap with a hammer, I shall make them into 
one piece Nov^ that the pieces are united, I 
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shall ha\c great difTiculU in pulling them apart, 
though they are joined only at the point uhcrc 
the two cylindrical surfaces came togcllier > And 
now I ha\e succeeded in pulling llic wire apart, 
the duision is not at the point of welding, but 
where the force of the pincers has cut it, so that 
the junction we ha\c eflccted is a complete one 
This, then, is the piinciplc of the manufacture 
and production of platinum in the old way 
Tiic treatment which Doville proposes to 
cair> out, and which he has carried out to a 
lather large extent in reference to the Russian 
suppl}’- of platinum, is one altogether by heat, 
liavmg little or no reference to the use of acids 
That )ou maj'- know' what the problem is, look 
at this table, which gives you the composition 
of such a piece of platinum ore as I shew'ed 
you just now' Wherever it comes from, the 
composition is as complicated, though the 
proportions vaiy — 


Plalinum, y 6 4 

Indium, 4 3 

Rhodium, o 3 

Pilladium, 1 4 

Gold, o 4 

Copper, 4. 1 

Iron, 117 

Osmide of Indium, o 5 

Sand, • • , * 14 


100 5 
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This lefers to the Uralian ore In that state 
of combination, as shewn in the table, the 
indium and osmium aie found combined in 
crj^stals, sometimes to the amount of 05 per 
cent, and sometimes 3 or 4 per cent Now, 
this DeviIIe proposes to deal with in the dry 
way, in the place of dealing with it by any acid 
I have here another kind of platinum , and I 
shew it to you for this reason The Russian 
Government, having large stores of platinum in 
their dominions, have obtained it in a metallic 
state, and worked it into com The com I have 
m my hand is a twelve silver rouble piece 
The rouble is worth three shillings, and this 
com IS, theiefore, of the value of thirty-six 
shillings The smaller com is worth half that 
sum, and the other, half of that The metal, 
however, is unfit for coinage When you have 
the two metals, gold and silver, used for 
coinage, you have a little confusion m the 
value of the two m the market, but when you 
have three piecious metals (for you may call 
platinum a precious metal) worked into com, 
they will be sure to run counter to one another 
Indeed, the case did happen, that the price of 
platinum com fixed by the Government was 
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such, that it was \\orth wliiic to purclia'^c 
platinum m other countries, and make com of 
it, and then t dvc it into that country and 
circulate it Tlic result uas, that the Russian 
Go\cinmcnt slopped the issue The com- 
jiDsition of this coin is — platinum, 970, indium, 
12 , rhodium, 05, palladium) 025, a little 
copper, and a little iron It is, m fact, bad 
platinum it scales, and it has an unfitness foi 
commercial use and m the laboratory'’, which 
the other well-purified i>latimim has not It 
wants w'orking o\cr again 

Kow', Dcvillc's process depends upon three 
points, — upon intense heat, blow’pipc action, 
and the volatility of certain metals We 
know that there aie plenty of metals that 
arc volatile, but this, I think, is the first 
time that it has been proposed to use the 
volatility of certain metals — such as gold and 
palladium — for the purpose of diiving them off 
and leaving something else behind He counts 
laigely upon the volatility of metals w'hich we 
have not been in the habit of consideung 
volatile, but w'hich we have rather looked 
upon as fixed , and I must endeavour to 
illustiatc these three points by a few expen- 
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ineiits Pcrfiap? I can best shc\\ you -what is 
required in the process of heating platinum 
by using that source of heat which we have 
here, and -which seems to be almost illimitable 
— namely, the voltaic batteiy' , foi it is only 
in consequence of the licat that the voltaic 
battery' affects the platinum By applying 
the tw'o extremities of the battery to this 
piece of platinum - wire, vou will see what 
result we shall obtain You perceive that we 
can take about this litating agent wherever we 
like, and deal with it as we please, limiting it 
in any way I am obliged to deal carefully 
With it, but cv^cn that ciicumsiance will have 
an inteicst for you in watching the cxpciimcnt 
Contact IS now' made The electric current, 
when compressed into thin conducting-wucs 
ofTciing resistance, evoh'cs heat to a large - 
extent, and this is the power by which we 
work' You see the intense glow immediately 
impaitcd to the wire, and if I applied the heat 
continuously, the effect of the current w'ould 
be to melt the wire As soon as the contact 
IS biokcn, the wire icsumcs its former appcai- 
ance, and nov,' that we make contact again, you 
peicciv'c the glow' ns before [The cxpciimcnt 



204 


LLCTURL av PI ATI WM 


was repeated scveial times in rapid succession] 
You can See a line of light, thougli you can 
scaicely perceive the wire, and now' that it 
has melted with tlie great heat, if you examine 
it, you will perceive that it is indeed a set of 
irregulaiitics fiom end to end — a set of little 
spheres, which arc stiung upon an axis of 
platinum lunning through it It is that wire 
which hlr Grove described as being produced 
at the moment wdicn fusion of the whole mass 
IS commencing In the same manner, if I take 
a toleiably thick piece of platinum, and subject 
It to the heat that can be produced by this 
battery, you will see the brilliancy of the effect 
produced I shall put on a pair of spectacles 
for the experiment, as thcie is an injurious 
effect of the voltaic spark upon the eyes, if the 
action is continued > and it is neither policy nor 
bravery to subject any organ to unnecessary 
danger, and I w'ant, at all events, to keep the 
full use of my eyes to the end of the lecture 
You now see the action of the heat upon 
the piece of platinum — heat so great as to 
break m pieces the plate on which the drops 
of metal fall You perceive, then, that we have 
Sufficiently pow'Ciful sources of heat in nature 
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to deal with platiiium I have here an appa- 
ratus by which the same thing can be shewn 
Here is a piece of platinum, which is put into a 
crucible of carbon made at the end of one pole 
of the battery) and you will see the brilliant 
light that will be produced There is our 
furnace, and the platinum is rapidly getting 
heated , and now you perceive that it is melted, 
and throwing off little particles What a mag- 
nificent philosophical instrument this is When 
you look at the result, ivhich is lying upon the 
charcoal, you will see a beautifully fused piece 
of platinum It is now a fiery globule, ivith a 
surface so bright, and smooth, artd reflecting, 
that I cannot tell whether it is transparent, or 
opaque, or what This, then, wall give you an 
idea of Avhat has to be done by any process 
that pretends to deal wnth thirty, or forty, or 
fifty pounds of platinum at once 

Let me now' tell you biiefly what Deville 
proposes to do Fust of all, he takes this ore, 
wnth its impurities, and mixes it (as he finds 
it essential and best) with its own weight of 
sulphuret of lead — lead combined with sulphur 
Both the lead and the sulphur are -wanted, for 
the non that is theie present, as you see by the 
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tabic, IS one of the most annoying' substances m 
tlic treatment that jou can imagine, because 
jt IS not \olati!c, and ivhile the iron icmains 
acilicring to the platinum, the ijlatinum will 
not flow readily It cannot be sent away b> 
a high tcmpcialuic — sent into the almosphcie 
so as to leave the platinum behind Well, then, 
a lumdicd paits of ore and a Inindicd parts 
of sulphuict of lead, with about fifty parts of 
metallic lead, being all mingled together m a 
crucible, the sulphur of the sulphuict takes the 
iron, the copper, and some of the other metals 
and impurities, and combines with them to form 
a slag, and as it goes on boiling and ovidising, 
it can ICS off the non, and so a great cleansing 
takes place 

Now", you ought to know that these metals, 
such as platinum, indium, and palladium, have 
a strong affinity for such metals as lead and tin, 
and upon this a gicat deal depends Very 
much depends upon the platinum throwing out 
its impuiities of non and so forth, by being 
taken up w"ith the lead present in it That 
you may have a notion of the gicat powder that 
platinum has of combining with other metals, 

I will icfer you to a little of the chemist’s 
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c^'pcncncc — liis bid cvpcncncc lie k.'ioi 3 
\ciy \\cll that if he take? a piece of phtimim- 
foil, and }icats a piece of lead upon it, 01 if he 
lakes piece of platiniim-foil, sucli as i\c ln\c 
licrc, and licats tinnijb upon it that lia\c lead 
in them, his platinum is deslio3'cd I liavc 
licrc a pici-c of platinum, and if I apply the 
lie >t of the spnit-lamp to it, in conscquenec 
of the presence of tins little piece of lead which 
I will place on it, I shall make a hole m the 
metal Ihc hc-’t of the lamp it=clf would do 
no harm to the platinum, nor would other 
chemical means , but because there is a little 
lead picsent, and ihcic is an nfiinity between 
the two substances the bodies fuse together 
at once You sec the hole I lia\c made It 
IS large enough to put >our finger in, though 
the platinum itself was, as you saw, almost in- 
fusible, except b} the voltaic batter) For the 
]nirposc of shewing this fact in a more striking 
manner, I have taken pieces of platinum-foil, 
tin-foil, and load-foil, and i oiled them together, 
and if I appl)’ the blowpipe to tlicm, ) ou will 
have, m fact, a icpctition on a laigcr scale of 
the experiment you saw just now wdicn the 
load and platinum came together, and one 
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spoiled the other When the metals are laid 
one upon the other, and folded together and 
heat applied, you will not only see that the 
platinum runs to waste, but that at the time 
^vhen the platinum and lead aie combined 
there is ignition pioduccd — there is a power of 
sustaining combustion I have taken a large 
piece, that you ma)'^ see the phenomenon on a 
large scale You saw the ignition and the 
e-vplosion which followed, of which we have 
hei e the results — the consequence of the 
chemical affinity between the platinum and 
the metals combined w ith it, which is the thing 
upon wdiich Deville founds his first result 
When he has melted these substances and 
stirred them well up, and so obtained a com- 
plete mixture, he throivs in air upon the 
surface to burn off all the sulphur from the re- 
maining sulphuret of lead , and at last he gets 
an ingot of lead with platinum — much lead, com- 
paiatively, and little platinum He gets that 
in the crucible with a lot of sconce and other 
things, which he treats afterwards It is that 
platimferous lead wdnch w^e have to deal with 
m our future process Now", let me tell you 
w"hat he does wuth it His first object is to get 
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lid of the lead He has thrown out all the iron, 
and a number of other things, and he has got 
this kind of compound indicated in the table. 
He may get it as high as 7S per cent of pla- 
tmum, and 22 of lead, or 5, or lO, or 15 of 
platinum, and 95, or 90, or 85 of lead (^’.hich 
he calls_ \\ eak platinum), and he then places it 
in the kind of vessel that you see before you 
Suppose ue had the mixture here, we should 
ha\e to make it hot, and then throw in air upon 
the surface The combustible metal — that is, 
the lead — and the part that will oxidise, are 
thoroughly oxidised, the litharge would flow 



out in a fused state into a \essel placed to re- 
ceive it, and the platinum remains behind 
Here is the process which Dcville adopts for 
the purpose of casting off the lead, after he has 
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got out tlie platinum fiom the ore (Having 
made use of your fiiend, you get rid of him as 
quickly as you can,) He gets his heat by 
applying the combination of oxygen and,hydro- 
gen, or of cajburetted fuel, for the purpose 
of producing a fiie I have here a source of 
coal-gas, theie I have a source of hydrogen, 
and here I have a source of oxygen I have 
heie also one of the blowpipes used by DeviIIe 
111 his process for woiking platinum m the Avay 
I have spoken of Theie are two pipes, and 
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one of them goes to the source of coal-gas, and 
the other to the supply of oxygen By uniting 
these ve obtain a flame of such a heat as to 
melt platinum You will, peihaps, hardly 
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imagine •what the heat is, unless you ha\e 
some proof of it, but you uill soon see that 
I ha%e actually the pouer of melting piatmum 
Here is a piece of platmum-foil running like 
ivax under the flame vhich I am bringing to 
bear against it The question, however, is 
nhelher ne shall get heat enough to melt, not 
this small quantiU", but large masses — many 
pounds of the metal Ha\ing obtained heat 
like tills, the next consideration is u hat \essel 
is he to employ nnich could retain the pla- 
tinum V hen so heated, or bear the effects of 
the flame ^ Such vessels are happily well 
supplied at Pans, and are formed of a sub- 
stance which surrounds Pans, it is a kind of 
chalk (called, I believe, b}' geologists, cakattc 
g}Ossier^, and it has the property of enduring 
an extreme degree of heat I am now going 
to get the highest heat that we can obtain 
First I shew' jou the combustion of In'drogen 
fa}' itself I ha\e not a large supph% because 
the coal-gas is sufficient for most of our pur- 
poses If I put a piece of lime obtained 
from dus chalk into the gas, you see wc get 
a pretty hot flame, which would burn one’s 

fingers a good deal Bat now let me subject 

O 
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a piece of it to the joint action of oxygen and 
liydrogen I do this for the purpose of shewing 
you the value of lime as a material for the 
furnaces and chambcis that arc to contain 
the substances to be operated on, and that 
are consequently to sustain the action of this 
extreme heat Here we have the hydiogcn 
and the oxygen, which will give the most 
intense heat that can be obtained by chemical 
action , and if I put a piece of lime into the 
flame, we get what is called the lime-light 
Now', w'lth all the beauty and intensity of 
action whicli you perceive, there is no sensible 
deterioiation of the lime except by the me- 
chanical force of the current of gases rushing 
from the jet against the lime, sw'eeping aw'ay 
such particles as are not strongly aggregated 
“Vapour of lime” some call it, and it maybe 
so, but theie is no other change of the lime 
than that under the action of heat of this 
highly-exalted chemical condition, though al- 
most any other substance w'ould melt af once 
Then, as to the way in which the heat is 
applied to the substance It is all very w'cll 
for me to take a piece of antimony, and fuse 
It m the flame of a blowpipe But if I tried 
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this piece m the 01 dinary lamp flame, I should 
dp nothing, if I tried a smaller piece, I should 
do little or nothing, and if I tried a still 
smaller piece, I should do little or nothing, 
yet I have a condition vhich will repiesent 
what Deville cairies to the highest possible 
extent, and which we all carry to the highest 
extent, m the use of the blowpipe, Suppose 
I take this piece of antimony, I shall not be 
able to melt it in that flame of the candle 
by merely holding it theie , yet, by taking 
pains, we can even melt a piece of platinum 
theie, This is a preparation which I made 
foi the purpose of proving the fusibility of 
platipum m a common candle Theie is a 
piece of wire, drawn by that ingenious pio- 
cess of Dr Wollaston’s, not more than the 
thiee-thousandth pait of an inch m diameter 
He put the wire into the middle of a cylinder 
of Sliver, and drew both together until the 
whole compound was exceedingly thin , and 
then he dissolved away the silver by nitric 
acid There was left m the centre a substance 
which I can scaicely see with an eye-glass, 
but which I know is there, and which I can 
make visible, as you see, by putting it into 
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the candle, where the heat makes it glow like 
a spark I have again and again tried this 
c\pciiment up -stairs in my own room, and 
have easily fused this platinum -wiie by a 
common candle You see we have, thcrefoie, 
heat enough m the candle, as m tlie voltaic 
batteiy, or m the highly-exalted combustion 
of the blowpipe, but we do not supply a 
continuous source of heat In the very act of 
this becoming ignited, the heat radiates so 
fast that you cannot accumulate enough to 
cause the fusion of the wire, except under the 
most careful anangemcnt Thus I cannot 
melt that piece of antimony by simply putting 
it into the candle , but if I put it upon char- 
coal, and diive the fiery curicnt against it, 
there will be heat enough to melt it The 
beauty of the blowpipe is, that it sends hot 
air (making hot air by the combustion of the 
flame) against the thing to be heated I have 
only to hold the antimony in the couise of 
that current, and particle by paiticle of the 
cm rent impinges upon the antimony, and so 
we get It melted You now see it red-hot, 
and I have no doubt it will continue to bum 
if I withdraw it from the flame and continue 
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to force the air on it Now, > ou see it burning 
without any heat but that of its oun combus- 
tion, which I am keeping up by sending the 
air against it It uould go out in a moment 
if I took away the current of air from it, but 
there it IS burning, and the more air I give 
it, by this or any other action, the better it is 
So, then, we ha\e heie not merely a mighty 
source of heat, but a means of driving the heat 
forcibly against substances 

Let me shew' you anothci experiment wath 
a piece of iron It will serve two purposes — 
shew'ing you w'hat the blowpipe docs as a 
source of heat, and what it docs by sending 
that heat where it is wanted I have taken 
non in contrast wnth silver or other metals, 
that you may sec the difference of action, and 
so be moie interested m the cxpcHmcnt Here 
IS our fuel, the coal-gas, and hcie o^r ox) gen 
Having thus my power of lieat, I apply it to 
the iron, which, as jou see, soon gets red-hot 
It is now flowing about like a globule of melted 
mercury But obsen’c, I cannot raise any 
vapour It is now covcicd w'lth a coat of 
melted oxide, and unless I have a great powcf 
in my blowpipe, it is haidly possible to bieak 
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through it Now, then, you see these beautiful 
sparks you have not only a beautiful kind of 
combustion, but you see the iron is being driven 
off, not producing smoke, but buining in a fixed 
condition How different this is from the action 
of some other metals — that piece of antimony, 
for instance, which we saw just now throwing 
off abundance of fumes We can, of course, bui n 
away this iron by giving plenty of air to it, but 
with the bodies which Deville wants to expose 
to this intense heat he has not that means 
the gas itself must have power enough to 
drive off the slag which forms on the surface 
of the metal, and power to impinge upon the 
platinum so as to get the full contact that he 
wants for the fusion to take place We see 
hcie, then, the means to which he lesorts — 
oxygen, and either coal-gas or water-gas ("’), 
or pure hydrogen, for p’^ucing heat, and the 
blowpipe for the purpos^^f impelling the 
heated current upon the metals 

I have tuo or three rough drawings here, 
repicsenting the kind of furnaces which he 
employs They are larger, however, than the 
actual furnaces he uses Even the fuinace m 
which he carries on that most seiious opeia-^ 
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tion of fusmg fifty pounds of platinum at once 
IS not much more than Iialf the size of the 
drawing It is made of a piece of lime below 
and a piece of hmc abo\c. You sec how 
beautifully lime sustains heat without altering 
m shape, and >ou may ha\e thought how 



beautifully it prevents the dissipation of the 
heat by its very bad conducting powers ^Yhlle 
the front part of the lime wdneh jmu saw here 
was so highly ignited, I could at any moment 
touch the back of it without feeling any annoy- 
ance from the lieat So, by liaving a chamber 
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of lime of tins soit, he is able to get a vessel 
to contain these metals with scarcely any loss 
of heat He puts the blowpipes through these 
apertures, and sends down these gases upon the 
metals, which aie gradually melted He then 
puts in more metal thiough a hole at the top 
The results of the combustion issue out of the 
aperture which you see represented If there 
be stiips of platinum, he pushes them through 
the mouth out of which the heated curient is 
coming, and there they get red-hot and Avhite- 
hot before they get into the bath of platinum 
So he is able to fuse a large body of platinum 
in this manner When the platinum is melted, 
he takes off the top and pours out from the 
bottom piece, like a crucible, and makes his 
cast This IS the furnace by which he fuses his 
forty pounds or fifty pounds of platinum at 
once The metal is raised to a heat that no 
eye can bear There is no light and shadow, 
no chiaro-oscuro there , all is the same intensity 
of glow You look in, and you cannot see 
Avhere the metal or the hme is , it is all as 
one We have, theiefoie, a platform with a 
handle, which turns upon an axis, that coincides 
with the gutter that is formed for the pouring 
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of the metal, alid "Vv^hert all is Icnown to be 
leady, by means of dark glasses, the ■work- 
men take off the top piece and lift up the 
handle, and the mould being then placed in a 
proper position, he knows that tlie issue of the 
metal will be exactly iti the line of the axis 
No injury has ever happened from the use of 
this plan You know nith what care it is 
necessary to cany such a vessel of mercury as 
we have here, for fear of tuimng it over on one 
side or the otlier, but if it be a vessel of melted 
platinum, the very greatest care must be used, 
because the substance is twice as hea\y yet 
no injury has been done to any of the workmen 
in this operation 

I have said that De\nilc depends upon intense 
heat for carrying off vapour, and this brings 
me to the point of shewing how vapours are 
carried off Here is a basin of mercurj’-, wdiich 
boils easily, as you know, and gives us the 
opportunit}'- of observing the facts and prin- 
ciples wdiich are to guide us I have here two 
poles of the batter})-, and if I bring them into 
contact wnth the mercury, see what a develop- 
ment of vapour w^e have The mercury is 
fxying-off rapidly, and I might, if I pleased, 
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put all the company around me in a bath of 
mercuiy vapour And so, if we take this piece 
of lead and treat it- in the same way, it will 
also give off vapour Obscive the fumes that 
rise from it, and even if it w^as so fai enclosed 
from the air that 3mu could not form any 
litharge, you w'ould still have those abundant 
fumes flying off I may also take a piece" of 
gold, and shew' 3’’ou the same thing I ha\e 
here a piece of gold wdiich I put upon a clean 
surface of Pans limestone Appl3''ing the heat 
of the blow'pipe to it, you see how the heat 
drives off the vapour, and if you notice at the 
end of the Lecture, you W'lll observe on the 
stone a purple patch of condensed gold Thus 
you see a pi oof of the volatilisation of gold 
It IS the same wnth silvei You wall not be 
staitled if I sometimes use one aeent and 

o 

sometimes another to illustrate a particulai 
point The volatility of gold and silver is the 
same thing, w'hether it be effected by the voltaic 
battery or by the blowpipe [A lump of silver 
W'as placed m a charcoal crucible between the 
poles of a voltaic batter)'] Now', look at the 
fumes of silver, and observe the peculiar and 
beautiful green colour which they produce 
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We shall now shew jou this same process 
of boiling tlie silver, cast on a screen fiom 
the electric lamp which you have before you, 
and while Dr Tyndall is kindl}' getting the 
lamp ready foi* this purpose, let me tell 
3-ou that Deville proposes to throw out in 
this way all these extraneous things tliat I 
have spoken of, except two — namely, indium 
and rhodium It so happens, as he saj'^s, that 
indium and rhodium do make the metal more 
capable of resisting the attacks of acids than 
platinum itself Allo3’’s are compounded up 
to 25 per cent of rhodium and indium, by 
w'hich the chemical inaction of the platinum 
is Increased, and also its malleability and 
other physical properties [The image of the 
voltaic discharge through \apour of silver was 
now thrown upon the screen.] What jmu 
have now’- on the screen is an inverted imag-e 
of w'hat 5'’ou saw when w^e heated the silver 
before The fine stream that you see around 
the silver is the discharge of the electnc force 
that takes place, giving 3'ou tliat glorious 
green light ivhich ymu see in the ray, and if 
Dr Tyndall will open the top of the lamp, 
you wull see the quantity of fumes that will 
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come out of the apertuie, shewing you ?t once 
the volatility of silver 

I have now finished this imperfect account 
It IS but an apology for not havung bi ought 
the pioccss itself before you I liave done 
the best I could under the circumstances, and 
I know jmui kindness well, for if I v\erc not 
awaie that I might tiiist to it, I vould not 
appear heic so often as I have done The 
gradual loss of memory and of my other 
faculties IS making itself painfully evident to 
me, and requires, every time I appear befoic 
you, the continued remembrance of your kind- 
ness to enable me to get through my task 
If I should happen to go on too long, or 
should fail in doing vhat you might desire, 
lemembcr it is }ouiselvcs who are chargeable, 
by wishing me to remain I have desired 
to ictire, as I think every man ought to do 
before his faculties become impaned , but I 
must confess that the affection I have for 
this place, and for those w^ho frequent this 
place, IS such, that I liaidly know W'hen the 
proper time has aruved 
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(0 Pa"c i6 The Ropl George sunlc it Spitlicid on 
the 29th of August, 17S2 Colonel Paslc) commenced 
operations for the rcnio\al of the nrccL l)j tiie c\[)lo- 
Sion of gunpouder, in August, 1839 The candle uhich 
Professor Firada) c\hibitcd must therefore hate been, 
exposed to the action of salt ^\atcr for upwards of fifl>- 
seven >cars 

(') Page 17 The fat or tallow consists of a chemical 
combination of fatty acids with glycerine The lime 
unites with the palmitic, oleic, and slcanc acids, and 
separates the gl>cerinc After washing, the insoluble 
lime soap IS decomposed with hot dilute sulphuric acid 
The melted fatty acids thus rise as an oil to the surface, 
vhen they aie decanted They arc ag.iii washed and 
cast into thin plates, which, when cold, arc pi iced 
between la)ers of cocoa-nut matting, and submitted to 
intense hydraulic pressuie In this way the soft olctc 
acid IS squeezed out, whilst llie hard palmitic and stearic 
acids icmam These are further purified by pressure at 
a higher temperature and washing in W'arm dilute sul- 
phuric acid, w'hen they arc ready to be made into candles 
These acids are liardei and whiter than the fats from 
which they were obtained, whilst at the same time they 
arc cleaner and more combustible 
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( 3 ) Page 19 A little borax or phosphorus salt is some- 
times added, in oidei to make the ash fusible 

('*) Page 27 Capillary attraction or repulsion is the 
cause which dete^-mines the ascent qr descent of a fluid 
in a capillary tube If a piece of thermometer tubing, 
open at each end, be plunged into water, the latter will 
instantly jise in the tube considerably above its external 
level If, on the other hand, the tube be plunged into 
mercurj', a repulsion instead of attraction will be ex- 
hibited, and the level of the mercury will be lowei in the 
tube than it is outside 

(3) Page 29 The late Duke of Sussex was, we believe, 
the first to shew that a prawn might be washed upon 
this piinciple If the tail, after puUmg off the fan pait, 
be placed in a tumbler of water, and (he head be allowed 
to hang over the outside, the water will be sucked up the 
tail by capillaiy attraction, and will continue to run out 
through the head until the water in the glass }ias sunk 
so low that the till ceases to dip into it 

(®) Page 37 The alcohol had chloride of copper dis- 
solved m it ff IS produces a beautiful green flame 

(0 Page 54 Ljcopodium IS a yelloivish powder found 
in the fruit of the club moss {JLycapodmin clavaiiim) It 
IS used in fireworks 

(®) Page 58 Bunsen has calculated that the tem- 
perature of the oxyhydrogen blowpipe is 8061° Centi- 
grade H}diogen burning in air has a temperature of 
3259° C , and coal-gas in air, 2350° C 

O Page 60 The following is the action of the 
sulphuric acid in inflaming the mixture of sulphuret of 
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antimonv and chlorate of potassa A poition of the 
latter is decomposed b\ the sulphuric acid into oxide of 
chlonnc, bisiilphate of potassa, and perchlorate of potassa 
The oxide of chlonnc inflames the sulphurct of anti- 
monj, 1 hich is a combustible bodj, and the nhole mass 
instantly bursts into flame 

(■0) Page 63 The “ air-burncr," nhich is of such 
value m the Laborator), ones its adxantage to tins 
principle It consists of a ctlindrical metal chimnci, 
colored at the top nitli a piece of rather coarse iron- 
Mire gauze This is supported o\er an aigand burner, 
m such a manner that the gas ma} mix in tiie chimney 
Mith an amount of air sufficient to burn the carbon and 
hjdrogcn smiultancouslj, so that there may be no separa- 
tion of carbon in the flame nith consequent deposition 
of soot The flame, being unable to pass through the 
line gauze, burns in a stead}, nearly invisible manner 
above 

(”) Page 74. Water is m its densest state at a tem- 
perature of 39 1° Fahrenheit 

0 =) Page 74. A mixture of salt and pounded ice 
reduces the temperature from 32® F to zero — the ice at 
the same time becoming fluid 

('J) Page S2 Potassium, the metallic basis of potash, 
vas discovered by Sir Humphrey Davy in 1807, who 
succeeded m separating it from potash by means of a 
powerful voltaic battery Its great affinity for oxvgen 
causes it to decompose natcr with evolution of hydiogcn 
which takes fire with the heat produced ^ 

CO Page 98 Professor Faraday has calculated that 
theie IS as much electricity required to decompose one 
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gram of ^^ater as there is in a very powerful flash of 
liglitning, 

('s) Page loi A solution of acetate of lead submitted 
to the action of the voltaic current, yields lead at the 
negative pole, and brown peroxide of lead at the positive 
pole A solution of nitrate of silver, under the same 
ciicumstances, yields silver at the negative pole, and 
peroxide of silver at the positive pole 

(i6) Page 129 The gas which is thus employed as a 
test for the presence of oxygen, is the binoxide of nitiogcn, 
or nitious oxide It is a colourless gas, which, when 
brought in contact with oxygen, unites with it, forming 
hyponitric acid, the red gas referred to 

(n) Page 152 Matble is a compound of carbonic 
acid and lime The muriatic acid being the stronger of 
the two, takes the place of the carbonic acid, which 
escapes as a gas, the residue forming muriate of lime or 
chloride of calcium 

(18) Page 186 Lead pyjophorus is made by heating 
diy taitrate of lead in a glass tube (closed at one end, 
and drawn out to a fine point at the other) until no moie 
vapours are evolved The open end of the tube is then 
to be sealed before the blowpipe When the tube is 
broken and the contents shaken out into the air, they 
bum with a red flash 

('?) Page 2 1 6 Wata -gas is foianed by passing vapour 
of water over red-hot charcoal or coke It is a mixture 
of h)drogen and caibonic oxide, eaph of which is an 
inflammable gas 
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^BOOks PUBLISBED BY CffA TT O b^-'W-INBVS ' 3 

.BEMJTIFiJ^ICTJJRES'.'BY ’ BWliSH'-ARTlSTS 

'* A'Gaihcringcf Fayyttriiiifromow Pitlnre Galleries, 1800—1870 
.Indudine eiamplU'-^by Wfii-IE, Constabie, Tupn-er, IVIutREAbY, 
iLAKD&EEiij M4CLISE, E M Ward, Erith, Sir John GIirert^ 
"'iLrsttE, ANSDEii, itARCt/s Stone, Sir Noee Paton' Fafo, 
r“ Evrf CroXve GAyin, O’NEECj^d-MADOX Brown EngTar^d 
’ on^teel-in the highest stjle of Art ’ -Edited, '\nth E'otices of the 
Aifets, by SvDNEY^R'iriTAGE. "M A Jmpenal 410, cloth extra, 

' j ' . 


lOUlil iJLrtUlitS Ul THE REIGN OF-GHARLESli. 

\ i ‘‘Frevt i(ie Ongtnah ill ihe Royal Galla^y at Wrndsoi , 

“ ' ' ' / i ^ By Sir EETER LELY 

-ERgra-red in -the highek style of art by Thomson, Wright, ScrIyEn, 
iB HoeLj^Wagstaff and T A Deane With Memoirs by hirs 
M Jameson, ’A titlior of “Legends of- the Madonna.^’ Imperial 4to, 
cloth ^ j ^ , , ‘ ^ " J 

o ' production is 'equally a gem among the Tme 

Arts --Ju ^jlcmiure — Quartetlj RevU'm r , 

‘ "" < TOJ.I FOOD'S NEW STOETPOB'CHILDEElNr ” ' 

'From. Nowhere to /the' North Pole: 

u ' ^ A Noah s Arh-tcological Narrative By TOM HOOD 
With 25 Illustritions h> W Brenton and E C BaRNES Sq crohn 
' Svo m a handsome and spcciallj designed binding, edges, 6r 

, / ' - ‘ HE W GE O T~E S Q UE gTi^E t ~7‘ ~ 

^ <■ A Bare \nd choice Collection OT - ? ' 

. Queen's and Kings, and other Things: 

, ThePictares, Poetr>% and strange hut veritable Histones 'designee 
and-iYntten by the Princess Hesse-Homburg ' Prmted in gold 
and man} colours by the Brothers Dal 71 el, at the Camden Press 
. ' ' imp 4to, doth gilt and gilt edges, jincc One Guinea ~ 

American War (Thfe) CARTooxsb^Mta 

, Morgan aud^ other Artrets, illustrative of theYate GreatXn d Wm 
in America. „ Novr'"first collected, avith Evplanatory Text Demv' 
4to, Jllusttatdi boards, yj (kf “ ’ ' ' 1 

>Esop‘S Fables, translated into jHuman 
Nature fa} C H Blnxett DesenptiNe Test C FnHreli Xen Edit 

Cr 4 I 0 J24Pmtes, beautifully pnnted in colou'^, cloth extra, gilt, 6s, 
r.' \ ?4 BBCCADlLLy, LOIYDON, W, 


BOOKS J>UBLISTIED BY CHATTO WJNDUS 


4 

’ 'Companion to the "History of Signboards", 

, Advertising, A History of, irom the 

Earliest-- Times Illustrated by Anecdotes, Cunous Speciniens, 
Biographical Notes, and Examples of Successful Advertisers By 
Henka Sampson Crown 8 vo, with Coloured Frontispiece and 
numerous Illustrations, cloth exti’a, gilt, yj (>cl 

Amusing Poetry, ■'h Selection of Humor- 
ous Verse from all tlie Best Writers Edited, avith a Preface; by 
Shirlev Brooks A Ne« Edition, in fenp Svoj cloth extra, gilt, 
and gilt edges, 3 r dll' ^ •• ' ~ y ; 

Anacreon. Translated by Thotvias Moore,' 

and Illustrated by the Exquisite Designs of Girodet Bound, in 
Etruscan gold and blue, fzs 6d r ' , 


Army Lists of the Houndheads and 

Cavaliers m the Civil War, 1642 Second Edition, Cor 
reeled and considerably Enlarged Edited, with Notes and full 
Index, b> Edavard Peacock, F S A 4 lo,_hf Roxburgh e, 7 ^ 

1 Uniform avith Mr Ruskin’s Edition br “ Grimm 

Bechstein’s" As Pretty as .Seven; and' 

otlierl^opulajGei 
man Stones' Col- 
lected by Eudm ig 
Bechstein Witli 
Additional Talcs 
by the Brother 
Grimm 100 II 
lust by Richter 
Small . 4 to, greeii 
and gold, dr 6d ' 
gilt edges,, yr dd “ 

Artemus Ward, ComplS^eTrWWdSS' 

of Cii vRLns Fakrer Bkownf, better loiown as Artemus Ward, 
now first collectrqi Cronai 8 \o, with fine 'Poitrait, facsimile of 
nanrtwnting, &.c ,540 pages, cloth c\tra, ‘js (>d ^ 

Artemus Ward's Lecture at' the 

RditcdbyT W RobertsON 

P IIlngstoV 4^0, ixud gold, Iinted Ii7r>^?ST , 6s 
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BOOKS PUBLISHED BY CHATTO 6- WINDUS 


Boccaccio’s Decameron; or, Ten Hays’ 

Entertainment Nowfullj' translated into Englisli, 111111 Introduction. 
byTiroMAS. Wright, Esq , M A , F S A WitE Portrait after 
IlAPH,VEL„and SiOTHARD’s Ten Copper-plates Crown 8\o, doth, 
extra gilt, >}s ' -■ .. > - 


Booksellers, A History of. Full Accounts 

oftbe Great Publishing Houses and their Founders, both in London 
and the Prov inces, the History of their Rise and Pi ogress, and of their 
greatest Wo rl s Ej HAPJtYCuRiiVHtv Crown Svo, over 500 pages, 
ivith frontispiece and numerous Portraits and Illustrations, cloth extra, 
7" Gf 



^ I KE/»DPiaCF USED WIEEIIM CAXTOl 

' “/?i tlie's, ditjS, it7t oriitiary Hislones cj Ktuss ittid Ctytrlters -usre 'ueJl ex- 
changed against fix te ifii fart cf one goad History aj Booksellers — Tkoicas 
Ca^lile 

“This stout little book is unquestionably amiisinR Ill-starred, indeed, must be 
the reader who, opening it anjas here, lights upon sli: conseculu e pages v itlim the 
entire compass of which some good anecdote or smart repartee is not to he found ” 
—Sat irday Re-itlv ' 

“llr Cnrw en has produced an interesting w orL " — Da 1} He-vs " 

‘^TBe 'History of Eool se!lers’a\ill not merely repay perusal, but ought toliavea 
permanent place on librari shell cs — CojiH Circular 


Book of Hall -Marks ; or, Manual of 

- Reference for the Goldsmith and Sihersmith 'Ey Alfped Lut- 
SCHAU h IG, hlanager of tlie Liverpool Assay Office, Crown 8vo, with 
46 Plates of the Hall-Marks of the different Assay Towns of the 
IJritcd Kingdom, as now stamped on Plate and Jewellery, ']$ 6 d 

Tilts "vort gives pracliCal rulheds/or fisting the giiahty of gold aiul sther 
It leas con Jnledhy the ctufitarforlusooiintse, andas a iuJ'^U>neniio“Cka_^ers ” 

<St 
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Booth’s Epigrams . ^ -t. and Modern, 

I , , negyncaL ' Edited by 

. ’ > Pott 8vo, cloth gilt, 6r 


Boucioir BaII«icis 


' / Socidte. / By>_ 

, gilt, and "gilt edge=, 

, ' \Jn f) cj>aratton i 

Brel Marie’s Complt'le Work's, m Prose 

, < roductory Essay by J 

Illustrations Crown > 


Brcw-oter’s (Sir Davri) More .Worlds 

j () C < ' ' I’l ■ ler and the Hope 

( O all ci;o\vn 8vo, cloth, 

mfonu with Faradayls 


Brcwnic 1 (SirD ) Miii lyrs of Science. 

, with full page Por- 
of Nature’” 4s 6(f ^ 

Bn}>;!il’s (Ri Hon J . M P) Speeches' 

. J ^ Collated witli Uie 

host Public Reports Royal i6mo, 370 pages, cloth extra, is 1 


, COLMAN’S HUMOEOnS WORKS ^ 

Broad Grins. My 'N ightgown and Slippers^ ' 

and otlier Humorous Woihs, Piose and Poetical, of GpouGE Col- 
1.IA.N the Youugei Nowfirstcollccled, miQv Life and xinecdotcs of 
the Author, by George B Buckstone With Piontisinece "by^ 
Hogarth Croim Sio, 500 pp , “/s 6c/ 

NEW BOOK ROE BOYS \ j 

Conquest of the Sea. A History of ' 

Hirers and Dnmg, from the Earliest Times to tlie PieSent Day 
By Henrv Siere Profiiselj Illustrated with fine Wood Engntings 
Small cron-n Svo, tlolh extra, 4x60' - , " 

“'WaJin^c ptru^cd tins rolumc full of quaint mformatiotf, \iith deliEliL 1 Mr ^ 
Sicbchas beslof ed much jams on hts work he writes with enthusiasm rtid fulness 
of know ledpc ” — J0c7ti> 

“ Really mletcsims; alike to > oiiths and to ijroini up people " — Scoisntnn " ’ 

"Equally interesting to the general and to the scicnufic reader ' — Jlfcrt i»e 
Adveittser " -. •> 
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BOOKS PUBLISHED^ BY CUATTO WIKDUS 

- "MISS BEADDOH’S HEW-NOYEL 

-OSt. -Co*' Love A Novel - By M . E. 

BraddOn, Author of “Budy Audley's Secret,’' &c. 'Now ready, 
fiti 3 voN , crown S\o, at all Libraiies, and at the Booksellers 
“One of the be";! novels lately produced Tii setertl important respects, it 
jpears to u‘:. Miss Brnddon’i. recent n orles dcsenc the highest commendation ’’ — 

'htsti aictU-ondoit yexs ^ - 

‘ We i&i> confidently predict for it a tvami svclconie from Hiss Braddotfs 
amerous admirers ” — Grap tc k 

“ laist for Love’ must be placed high amone ^raddon’s novels Ithdsa 

met power, MhtCh makes 1 ' ^ ' —Scoistuen '■ 

■“nnaifectedj -simple, ane - imt hliss Bniddon’s early 

Imircrs, and pteaSc that vv ’ — Ail enanni 

Byron's (Lord) Letters and Journals, 

avith Notices of his Life By THoaiAS IMoore A Reprmt of the 
OnginalEdition^ neulyrensed, complete in a tlucka olume of io6opp , . 
with Twehe fine full page Plates Cr Svo, cloth eRtra, gilt, yj (id 
“We have read this book vvath the greatest pleasure. Considered merely as a 
ompositioA It deserves to be classed among the best specimens of English prose 
.ihich out age has produced It contains, indeed, no single passage equal to two 
>i three which nc could select from the Life of Sbendan but, as a whole, it is 
mmeasurahlj superior to that work llie stjle is agreeable, clear, and manly, 
nd, when, it rises into eloquence rises vmhout effort or ostentation Nor is the 
natter inferior to the manner It v ould be difficult to name a book which exhibits 
note IJadness, fairness, and modesty It has evidently been written, not for the 
lurposeof showing — wlnt however, it often shows— how well its author can vvnte, 
jutfor the purpose of vindicating, as far as truth will permit, the memory of a ceic , 
irated man who can no longer vindicate himself Mr Moore never thrusts himself 
letw een Ldrd Byron and the puhhc. With the strongest temptations to egotism, 
vo has said no more about himself than the subject absolutely required. A great 
lart, indeed the greater part, of these volumes consists of extracts from the Letters 
lad Journals of Lord Byron and it is difficult to speak too highly of the skill which 
lasheen shown m the selection and arrangement .,It is impossible, cm a 

jencral survey, t o deny that the to'^k has been executed with great judgment and 
jreat humanity 'When w e consider the life which Lord Bvron liad led, his petu- 
ance, hisirntabilitv, and his commiinicalucness, we cannot but admire tlic dex- 
:enty with which Mr IMoore has contrived to exliibit so much of the character and , 
ipinions of his fnend, with so little pain to the feelings of the living '—LORD ' 
MacaulAv, in the Brlti iitt^lt Jie^ic t ^ ‘ 

Oarlyje (T.) on the Choice of Books, 

‘ Vv'ith New Life and Anecdotes Brown clotli, uniform with the 
zs E-dition or his Works, xs 6d ' \ ^ ^ 

Celebrated, .Claimants, Anaent' and 

V Modem Beinb''the Histones of nil the most celebrated Pretenders 
and Claunants fromTERKiK Warbeck to Arthur Orton Fcap 
, Sto, 55° tllustrated' boards, pnee 2 J . 

Christmas Carols and Ballads. Selected 

and Edited- by Joshua Sylvester A Ne v Edition, beautifully 
printed and bound rn cloth, extra gilt, gilt edges, 3J 6d. 
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BOOKS TUBLISHED BY ClIATTp <S^ WZNDUS 

Cruikshank’s Comic Almanack 

Complete m Two Serieh Ibe First from 1835 to 18-13 ^ 
Second from 1844 lo 1853 A Gathering of the Test llujiou 
' of Thackeray, Hood, ffAYHEW, Aeberi Smith, A’Becketj 
Robert Brough, 8.c With 2,000 Woodcuts and Steel Engra^^n| 
by Cruikshahk, Hike, Landells, Ac Crown Svo, cloth gil 
t%totery thich volumes, 151 , or, separatelj, "js 6 d per>.>olumc 

•»* TJie"^ Comic Almrmachs' of GeorjceC-riiihchajik havtioi gieeit rc^aiatd I 
ndiitirers of this viimitabU at tut as atiw) ^ hts finest, most eliaraciervsl c fr 
ductiOKs Zxtendmgo-’cr a/'Crioil of t nteteenyeats,frBin \S35tosts3 irclnsiv 
thev embrace Vie best period of his artistic careei , and shcru the -<arted exceUenc. 
p" his mars) Uoi^ poruer The late Mr Till, if Tlcet Street, first conceived A 
idea of the “ Comte AlmanacX,’ and at vartons times then uer^ titrated nfon 
such suiitets Thackbra'i, ArUEnf Smith, Wc Jtroiheis Mamiesv, the la 
Eobept BroLcir, Gicbept ATrciCETT, ttJiashei asserted, Tow Hoon A 
elder Thacrepay’s stories of *' Stulls' Calendar , or, The Fatal Boots, ' 'vlai 
Sulseaucntl} appeared as “Stulls Diary‘’’ and “ Barber Cox , or, He CntUs 
of hts Conti, formed the leading atlraetions u the numbers for 1839 and jS jo 



THE BEST GUIDE TO HERALDRY 

Cussans’ Handboo.k.o 

Heraldry, miHi Inslnictions for Tracir 
Pedigrees and Deciphenng Ancient MSS 
also, Rules for the Appointment ofLiveric 
Lc , lie By John L Cussans Illus 
trated with 360 PJates aud oodcub 
CroAvn Svo, clolii extra, gilt andcmblazonei 
*ls 6 d 

*** This 'loluvte, Ifrt titfuJly py mied on ioi cdpfipe 
contains "twt onl} the crdrniry matter to be Jonh 
tn the best books on the science of Am pyy, but 
rat ether subjects hitherto am oitced Ajnonp^ 
these ma} be meniioi ed — i DIRtCTIO^S J-c 
Pedigrees 2 DzcirircRisc A^ciem 
MSS , illustrated nv Alphabetts akd Ra 
SIMILES 3 The Arroi timent of Ltvekie 
4 COSTIKFNTAL AND AMERICAU liEnALDRV, 

<» , 


Cussans’ History of Hertfordshire 

A CoMty Historj, got up in a very supenor manner, and ranmn 
Ml* tlie fimat works of its class By John E Cuss,wns I11u< 
tmted :wth full page Plates on Copper and Stone, and a profusio 
Burts I toVlIL are now read>, pnee 21' 


BiJn foZumSe:Tpe^^’am^^^ rZuJll1s7oo 
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BOOKS PCBLIhJihD CIIA'ITO (s- WLYDLS 


’ ' NEW “AND IMPORTANT WOBK 

Cyclopsedia' of Costume ; or, A Dic-- 

tionarv of Dress, Beg A Ecclesiastic-il, Ci-viJ, and ^Military, from 
ihc Earliest Eenoa In England, to the reign of George the Third 
iBcluding Notices of Contemj^ormeons Fashions on the Continent, 
nnd preceded by a General History of the Costume of tlie Pnrcipal 
Countries of Europe DyX ^ Pt-ANCiiC, F S A , Somerset Herald 

TV’ir'iw/' 'nU he tt T'wnl^ four M-rtiU t_, Paris, quarto, aiTrse 

Shilht qs,frofusely tlluslra'i^ hy Plates and JPo^d Piiynzsa'uys , svtcJ each Pari 
'uinalscteissu'-daspUne’te’ColouiydPlaUyfrot an anginal Paintv gar Illn- 
" vuraitait, of Roynland Kchle Personages, andJdaitornl Cash i te, lahifeszigt and 
dori esUc Tl e First Pari is J 'si read, 

I N collecting ma'enols for a Histo-j of Costume ot 
more importance than the lit lehanaboot nhich has 
met nathso much faroiir as an elementary ivorh iTaS” 
not only made aware of my own deficiCDCieSj bnt sur- 
pnsed to find how much more vague nre the crplana 
tions, and contradictory the statements, of our best 
afithontier, than they appeared to me, ^ hen, in the 
plenitude of my ignorance I rushed upon almost tin- 
irodden ground, and felt bewildered by the mass of 
unsifted evidence and unhesitating 'a'^ertion at bich met 
nij eveSat e\crv ttirn 

Dunng the forty years which have elapsed since the 
! publication of the first ediuon of iry 'History of Brush 
costume” in the 'Lihnrv of Cntcrtauimg Know- 
ledge,” archmologicai investigation mSs recetted such 
an impetus by the csiabb'hirenl of metropo’iton and 
ptovancia! peripatetic antiquarian socicpes, that a flood ' 
of light has been pojrca upon us by whicn we are 
enabled to re-examine our op monsanadiscotcrreasors 
to douh , if we canno' find facts to authenticate. 

That the former greatly preponderate isagretous 
achnowledgment to mal e after ass duously dev otmg 
the leisure of half my life to the pursuit of informatTon 
on. this, to me, mOst fascinating subject It is some 
consolation, however to led tmit where I cannot in- 
struct, I sliall certainty not mislead, and that the rearfet 
Will find under each head, all that is knovvai to, or 
sugsested by , the most competent v nteta 1. am ajt- 

_ (juainted with, either here or on the Continent, 

That this worh appears in a glossanal form arises from the desire of many art sts, 
who have expressed to me lh= difficulty they constaully'meet with an their en- 
deayours to -ascertain the complete formofa garment, or the exact taodeof fastening 
a piece of armour, or biicVlm^ ^ belt, from ilicir study of a sepulchral effigy or 
a figure in an illumination the attitude of the personages represented, or the dispo 
Alton of othc*po-tions of Iheir attire, effectually prev enPng the requisite examination 
The boohs supplying any such informauon are very few and the best confined to 
armour orecclesiasticm costumo. Tf e only English publication of the hind required, 
that I am aware of, is the late Mr Fairholt s “ Costume m England ’’ (gvo, London, 
3846), the last two nundred pAgeS of vhich cbnlain a glossary, tlie mdst valuable 
portion whereof are the quotatens from old plays, medimvad romances, and satirical 
bdlads, containing allusions towarious articles of attire in fashion at the time of 
the r composition Twenty -eight years hav e expired since that book appeared, and 
It has been tbought that a more comprehensive work on the subject than has i-et 
issued from the English press, combtnmg the pith of the information of many costly ' 
foreign publications, and in its illustrations, keeping in vacw the special require- 
ment of the artist, to which I have alluded, would be, in these days of educational 
j progress and cntical tUqmry, a welcome addition to the library of an English 
, gecUeman J R, PLANCHE 
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dr- TF/jVDUS 


Dickons 'iliJ- SLorv of his Life. By 

, les Dickens Edition,’’ 

Issue Crov n 8vo, 


Dickon'i’ Spc- clii i and Liteiao^ 

, < , ming a Supplcroeii- 

ition ” Ctovto Svo,^ 


Dickens’ Lin 


ciui Spo('( hes. Ill One 

i 


'C. V ^ ^ - AL^ SPAinSH 

iEI Injv 1110*^0 n-ti.iljio Don Quijote de 

r 1 ■ ' s'"!® Pof Migui l 

e TOlmnc, post 8\o, 


Hisionn (I< Gil Blei*' do Santillana 

For Le Sage Traducida al Castellano por el F VDm ISLA Nueva 
Edicion, conegida y reiisada Complete in One Volume Post 
Svo, cloth extra, neaily 600 pages, price 4 s OF ^ 

Earthward Pilgrimage, from the Next 

World to that irluch now IS ByMoscutiED Coi^WAI _ CiOnn. 
Svo, beautifully printed and bound, 7r OF " ^ 

Ellis’s (Mrs) Mothers of Great Men 

A New Edition, with Illustrations by Valentine W.- Bromlev 
CrowmSvo, clotJi gilt, over 500 pages, 6j- * 1 

“Mrs Ellis belifives as most of us do that the character of the another^ocs a 
long wav and, lu illustration of this doctrine, she has given us Several I5i csaiaattcn 
in her charming vet earnest, style W’c cspecia’IIj commend the life of Byron’s 
and Napoleon s mothers The volume lias some solid merits ’ — Echo , 

"This isa hook which ought to be in the libraries of all who interest themschts 
in the education of women — Viciot la Mag^asu c 

"An extremely agreeable and readable book and its value is nota little 

enhanced by Mr Bromlej ’s allustrauons ” — lllitsiralid Djamatic rVf vi 
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BOOKSyUBLlSBED^^y CIIATTO^&^ WmDUS ^ ii 


Emanuel; on Diamonds and Precious 

Stones , '^Tlieit Historj, Vnlne, and Properties , ivith Simple 
Tests for ascertaining their Reality ByH^ 3 lRy EMA?<tiEi,^P R G S ^ 
With numerous Illustrations, Tinted and Plain ‘ A New Edition, 
CroimSvo, doth extra, gilt, 6s. 

*• ^ i t ^ 

Edgar Allan Poejs Prose and Poetical 

Works; including Additioml Tales and Ins fine Critical Essays 



With a TranslaUoh oT Cil^rles Baudelaire’s “Essay " 750 
pages, crown S\o, fine Portrait and lllustmhons, cloth extra, Js 6d 


English Surnames: Their Sources arid 

' Significations By CiiarIjes Wareing Bardsley, M A SrcoN 
Edition, revised througliout, considerably enlarged, and pirtnl 
re 'wnttcn. Crown 8 i o, cloth extra, <js 

“ Mr Bardsley his ri.ithrut!y consulted the original racoiscval documents and \vor 
from svhicli the origin and de\ clopmentor surnames can alone be s3lisfactonI> ince 
Ho has furnished a i aiuable contribution to the litcnture of surnames, and M c ho; 
to hoar more of him m this field ’ — Tjnus ^ i 

'BardsTey’s solume isa ter) good specimen of the work nhich the nm 
teenth ccaiury can turn owe He has evidentlj bestoivcd a great'deal of allentio 
not onlyupon surnames, but upon pbdologj in gencnl Ihe bool is a mine 
information,” — V'esiMiHSier kcview ' ' 

"Weiveicomc'thishoo'c Ss tin important addition to Oiir Imonlcdge of an 11 
portant and interesting subject’ — Ai/.t7ia;uyt , 
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'i? BV CIIATTO 6- WINDUS „ , T 

House (The). A Practical 

selecting or Building n. House By C J 
R^CHARDSO^, Archi- 
tect, Aiitlior of Old 
J-ng-lisli Mansions^” 
iS.c 'Third Edition’ 
With nearly Coo Illus 
tiations Crown Svo, 
cloth cxtn, 'is Q)d 

*,♦ This IFpri mishit >■ 
not If nf'^ropnatcly he 
tenmd *A HoqL of 
Houses ” ft g;tjes ezery 
znrjety of 7 huse, from a- 
^vorTjuaus cottage to a 
T'Cbtema7i s palace TJie 
hooh- ss intended to supj>ly 
n'-tea i io) g feli^ , a- 

'iton iccltr teal ac 
count of every of 
houses "vitfi He cost and^ 
manner of builatug 





O ' 


y 


c 


lemical History - of a 

ered to a Juvenile Audience A New 
.OOKrs, Esq , F C S , &.C Cioun Svo, 
iiiginal lllustntions, 41- '(sd 


Farach'iv Vai lous' Forces oC Nature. 

' yd Crookes, Esq , F C S , S.c Ciown 

the Original Illustrations,, 41' d>d 


Fiiitil F( Ii(Ui. 


Fi iisli lO Lii( 


PROXJT’S REMAINS 

of Father Prout, Col- 

MSS supplied by the Family of the Rev 
iL\^c^rAKD JtRROLO ^ {In p cjiaration 

' in and out of Lon- 

rentures of Tom, Jerry, and Logic, By 
ivo, doth extra, with Spiiited Coloured 

AKK, 2IJ- 


Flap ll.’Hon 


and the Flagellants. — A' 

I Countnes, from the Earliest Feriod to 
leKev W Cooper, B A Second EdiUon, 
th numerous IlJustrations IhicE crown 
6 d 
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BOOKS PUBtrSHLD BY ClIATTO &- U'lBbUS 13 

Fools’ Paradise witli the Many Wonder- 
ful Adventures there, as seen m the strange, surirnsing Peep Show of 
professor \Yolley Cobhlc Crown 4to, \Mlh nearly 350 -very funny 
Coloured ores, cloth extiUj 



Genial Showman ; or, Show Life m the 

New World A<i\entu.rcs with Arlemus Ward, and the Story of his 
Life By I P Kingston Third Edition. Lrown Syo, illustrated 
by Bfunton, cloth extra, 7r 6 d ' 


- , HTJSKIN AND ORDIKSHANE: 

German Popular Stories. Collected by 

the Brothers Gri'im, and Translated by Edgar. Taylop Edited, 
i\Uh an Introduction, by Joil?. Rl'SKirr ' With Z2 Illustrations after 
the inimitable designs of GeorCL Cruiksiiank Both Senes 
complete Square crown S\o, 6r dn , gilt leaves, yr dr' , 

“ The inoslrattons of tins volume '•re of quite stcrhnR and admiriWc art, 

in a dais prccjselj panllel m elevation to the character of the tales which they 
illustrate , and the ongiiul etchings, as I have before said an the Appendix to mj 
' Elements of Draw mg,* w ere nnnv ailed in masterfulness of touch since Rembrandt 
_ (m some qualities of delmea'lion iranVaUcd even hi him) . To roal c some- 
what enfarged copies of them, loohiiig at them through a magnifying glass, and^ 
never putting two hues where Cnuksh-inbJiasput only one, would be an c.xcrcisc irT 
-decision and severe drawang which wotdd Jeave afterwards hlUe to be Icamt in 
schools -C.xi'rirfif/ii-tJ / iy JoW'i Rts..! , 
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i". C O ..)■ .s' JviIJ-iARY ■ , 

't, pncc is per vol ^ 

Holni(“.’t' Aiiiorral ol i lie Breakfast 

, )i vl/GUSTU^ SaLA ^ 

Holmc'o’^' Proi 0*^801 ta ilie Breakfast 

1 . ' ' - , . 

Hood’s V'Miims ard Oddities. B6th 

' jngmal Illuslrationsi 

Liinil)' E'=iSiiy;> Oi Uka ■' -th Senes' -com- 

i. ' 

Hiinl s ' ' Talefoi aCbim- 

V , and Introduction by" 

. " 

SlK'lley s Ef.riN Poems Oueen Mat, &c. 

ons "With Ebsay-by 


Shelley s Later Poems Laon and Cythna, 

the Cenci, and other Pieces Reprinted from the Authoi’s Original 
Editions With an Introductory Essay (Second Scriesof Ins Woiks 


Shelley’s Miscellaneous Poems and 

Prose Works Tlie Tlnrd and Fourth Senes Tlieseliro Volumes 
will include the Posthumous Poems, published by Mis SnELLF'i 
in 1824, the Shelley Paper--, published m 1S33, 11“^ Six Weeks’ 
Tour (1816), the Notes to “ Queen Mab,” &.c , the Mailow^and 
Dublin Pamphlets , ‘'The Wandering Jew,” a Poem , and the two 
Novels, " Zastrozzi " and "St Irvjnc ” The three last now first 
•t "luded in anj edition of Shelley \Ntat ly rsaaj 


Flagell^f'sssury of Thought Tlie^.est 

History of the Rglpotaiions and Elegant Exte-Ear'^ -g g ‘ 
the Present lime P^^ries, ever fonneroEER, B A.. o 

revasod and corrected, w itli fluSyo. V Hhistratioi^ •3 § ^ 

Svo, cloth extra, gilt, 12s 6 d ' o 


-C 

-CD 


& 


o'?) OtJ 
■-'S R c 
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Great Conde (The), and the Period of 

the Fronde i An Jlistoncal Sketch , By Walter FitzPatrick 
Second Edition, m evols Svo," cloth extra, 15^, 

Greenwood’s (James) : Wilds of 

London ; Being Descnptive Sketdies, from the Personal Obscrva- 
, tiohsaiidExpenences oflhc Wnter, of Remarkable SceneSj People, 
and Places nv London By James Greenxvood, tlie “Lambeth 
Casual” With Tn elvc full page Illustrahons by Altred Con- 
CANLi; Crown Svo, cloth extra, gilt, Js 

Hall’s (Mrs. C.) Sketches of Irish 

Character. f‘ Wooixg and Wedding,” “Jack the Shrimp," 
“Peter T3IE Prophet,” “Good and Bad Spirits,” “Mabel 
O’IMeil's "Corse,” Rc,, Ac ' With numerous Illustrations on Steel 
'and Wood, by Daniel Maclise, R A , Sir John Gilbert. VW. 
HARatEV, and G Cruikshank. Svo, pp 450, cloth extra,' /js ~&d 




ivmDus 

\ 




I I 

, . TUBLISHED , ' ' ' 

! ■ and Anecdotal 

Did John Nicnors- 
T e\'\ct f-icsimile of 
noD become very 
li, gilt, 2 is- 6i/,or, 
Complete in itself 


f 1 



Tl 1 TAtKP ^ IHM> 


** Will be n greit boon to aiiihors nnd aruj»is as ncll os amateurs Very 

ebeap and \cr> complete --^Stnndi rd 

‘ 1 or all practical pnrpo*;cs tbe three handsome aohimcs comprising tins edition 
are equal to a collection of Ho^^arthian prints Wc arc quite sure that anj one uho 
adds this work to his library wiU be anip!> repaid bj the inc\haus iblc chatm^^ of its 
facsimile prints. — Pn vii} g;J ai i Daily Mail 

Ihe plate:, are reduced in sizf but >ei tnit}if«ll> reproduced The best and , 
cbc’^cstcduion of Hogarth s complete works) tl brought foiavard *— ^iVraj -- 
1 hree \ cr) interesting \ oUiincs important and i aiuable addit ons to the library 
The edition is thoroughlj well brought out and carcfullj printed ou fine poptr^*^^ 
Aft yotcnui^ 


Hogarth's Five Days' Frolic; orjPere-' 

gnnations bj Land and ‘Water Illustrated mth Tinted Drawings,' 
made bj Hogarth and Scott during tbe Journey,,, ■^o, beautifully 
pnnted, cloth, extra gilt, lor 6-/ ' \ ’ 

*** graphic aid HMt (xiraordinari fih'tre cj' {Jn J^ariy JZtgUs! in) cs 
^■)i'‘j.hxch il^se mei'T} ar*isis h- ed *■ 
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BOOKS PUBLISHED BY CHATTO JFIKDUS l? 

Haunted ; or. Tales of the Weird and Won- 
derful A 'new and entirely original senes of Ghost Stories, by 
" FRA^CI3E Stain FORTH Tost 8^ o, lUuslraled, boards, 2J 

[jVc'aHj}' rcaaj’ 


Hawthorne’s English and American 

Note Books Edited, wilh an Introduction, by Moncuee D 
Conti AY Ro^al idmo, paper cover, ir , in cloth, IJ- 6d 


Hone’s Scrap- Boo 15s : The hliscellaneous 

\Vntings of Hoke, 'Author of “The Table-Book,” 

“ E\cry-Day Book,” and the “Year Book ” bemg a Supplementary 
Volume to those works Non first collected With Notes, Portraits, 
and numerous Illustrations of curious and eccentnc objects Crown 
Svo, cloth extra , T IPupanng, 

MB EOENE’S EPIC 

Orion An Epic Poem, in Three Books 

By Richard Hencist Horne With Photographic Portrait- 
Frontispiece. Tenth Edition Crown Sio, cloth e\lra, yr 
“Onon IV lit beadm tied, b\ cverj man of srcnius, lohe one of the noblest, if rot 
tne very nablevt poetical work of the age. Its defects are trivial and com cntidnal 
Its beauties intnnsic and Supretre.” — B dgak Aelai. Poe 

Hunt’s (Robert) 

Drolls of Old Cornwall , or. 

Popular Romances of the 
V\est of England "With II- 
iuslinhons by GEORGE Cruik- 
SHAHK Croxvn Svo, cloth extra, 
gilt, yr dtf 

*,* “ ?Ir Hunt’s charming book of 
the Drolls and Stones of the West of 
England ’ — Satnrtiay Re^j. 


Irish Guide. — Howto Spend a Month 

^ in Ireland Being a complete Guide to the Country, with an 
Appendix containing information nS to ihe Fares betv een the Prin- 
cipal Tow ns m England and Ireland - and as to TounSt Arrangetnenls 
, for (he Season , With a Ilap and So Illustrations By Sir Cusack: 
P Roney A New Edition Edited bj hirs J H Riddell. Crown 
Svo, doth extra, pnee ix 6/ ' 



74 PICCADILLY, LONDON, W 





iS_ BOOKS PUBLISHED BY CHATTO WIND US 

Jennings’ > (Hargrave) ‘ 

One of the Thirty Wath curious lllus- 
, trations Crown 8\ o, cibth extra, loj 6cf ^ 

^ ( V' >1, 

Jennings’ (Hargrave); 

The Rosicrucians Their Rites and 
Mysteries AVtth Chapters oa the 
Ancient Tire and Serpent 'NVorshippers 
and EvpHnations of Mystic Symbols m 
Monuments and Talismans of Primeval 
Plnlosophers Crown "Svo, 300 Illustrations, lor bd ~ 1 > 


Jerrold’s (Blanchard) Cent, per Cent..' 

A Story IVntten on a Bill Stamp A New Edition Tcap Svo, 
illustrated boards, zs ' 

NEW WORK BY BOTTP-EAS JERROEB ' 

Jerrold’s (Douglas) The Barber’s; 

Chair, and The Hedgehog Letters Novv first collected 
"■Edited^ with an Introduction, b) liis Son, BtANCiiAiiD JruRoVD 
Crown Svo, with Steel Plite Portrait from bis Bust, engraved by 
W H blOTE, cloth extra,'?!- 6 d , 

'"No library is complete nnhoiit Doughs JeiroUVs VVorbs , r/^re, no library is 
complete without the ‘Barbers Chair A delightful volume the papers are most 
amusing they abound nuh slj touches of sarca.m they arc full of plav ful wit and 
fvnej — Ptiiontil U'orlii 

"An amusing volume, full of Douglas JerroM s vvclJlnovn sharpness nnd f 
repartee.' — Dat’i rVeas ^ - 

"Better fitted than any other of his productions to give nn idea of Douglas 
Jerrold's ainaring vtit the ‘ Barbsra Chair' may be presumed to give as uearar, 
approach as is possible in print to the vvit of Jcrrold s com crs.ation " — pvniTtincr 


Jerrold’s (Douglas) Brownrigg' 

Pnpers The Actress at the Dube’s, Baron Von Boots Chns- , 
lopher Sniibb , The Tutor Fiend and bis Three Pupils, Papers of a 
Gentleman at Arms, Ac By Dougi as JcRroLD Edited ..b} bis ’ 
Son, Blanchard JerRold Post Svo, illustrated boaicls, zs 



Kalendars of Gwynedd. , Compiled by 

Edward Brr'ESE, FS A Wnh Notes b), William Watktns 
Edward Wvnne, Esq, PSA. Demv 410, cloth 'extra, zSf 
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Lamb’s (Charles) Complete Works, 

in Pro^e indL % me, m the i\m Sdrit.!, of P}m, inth Oic can- 

' cdliyl TCi.torc(3, 'Vf tif-'t pnntC'd in the ” London Magirmc, 

'togcOierVixtli "Saltui m Sca'CD of A ml otliw Pouns nnd 

' Ilamorois- Pieces, now i'r-.i callccictl ’iTiifi Two lor- 

traiij. Crow 1 Svo, doth pnct 7^ ‘ 

V H- r - 


Lamb ((Vfary 

LcUcis W Reni'iins 
t'Joles, CATt-u 

II izuTi ^^nh 
IlANCOflv'S Portr’st 
'of tlic Cs,nyt.t, ILc* 
similis. of 1I1C -1 lUc-' 
pages of, (he rirc 
i iri> Eddioits of 
Iamb’s and Cok 
, ndgc’5 Wot'}'^, Fzl 
•iimde of a I'agc of 
(He Original 3 tS of 
r the 1,'.%) on Uomt 
„ Pig.^andTiiitneioisU 

' lUitralio.is of I airb's 
Favourite; Haanto. 
Crown Sio^ olotJi tv 
In, toi Oi ; Laj Cr* 
ririS. CoWi 5 if 


8a Charles) : Their Poems, 

Fow lind colkrltd, vatli Rmimscenccs and 


- ' ^■'7 

7- 



\p-v> 'I 




•W Ww 




rott i’ o ctnAofc 


' Mr C HidiU ) « t iTj jtrrUi anti fi'vtcl itia Iitdr lokni* It 

hat wanj Jnewn il ili'i'.tf ilion*, vihieU ivi-n. ^npjilied hj Mr Connlti! Holttn* and 
shaia all, it eo 1 ami a ricimnd!- nf dr” fiat nigc cf CUt 0:1 ' Jioasi Pi" It is, well 
aji, and hat a e'io,! stanm t of I !,a[, I jicic arc nlvi tnijic lcit< rt, and iJoenw of 
, Ml} lavinliliJirchanr nircTnl} nccc->',rb' cKtivi e c — H'rsi mitt/ir Kceft f 
*' fuel Iw tor jlicJ b} all future b oi;nphtrv uf I’W kfnli' ’'—Utur Ai^ir 
‘1 cllatis afjwdiltnl that iMnicrftdoa aasl”«mc(hii cthatitfa rlj tic« ‘^~-Crfp/Au 
' Very wan} pii-aj^es. will iluh^tn I’lcw fond of hlcrars Uifics liardly m} 
prrtiDti Hill foil lo hate iti tnlctc I for (overief CJiarlcf Lainh and lus sister *' — 
^/arifurf 

"Mi Halm t Morf„ v -icr) unjjortaai and aalimlle, and n’.i loicrs of Hlia will 
' thank iim re-* nl at he iwS done ' t nuii^ Ttttl-'i 

"Will bo jnyfuU} received h} ill J,ambitts ”~C/a' ’ 


Leigh^s Carols of Cockayne : Vers de 

SocitU. tlcscnplivc of I ondon Ltfc IVHiakyS Lwgh WuIj 
^ iiamaoiis Illustration > by Atf-ivbD Concamn Crown 8vo, cloth 
cMm, jjdi, 3s 
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Lifvi in London ' ! Day and -Night' 

lan Tom WlTM THE 

EL iLLUSTRATTOIvSj ID 

< loth e’ctxa, 7 j 

Lii('r,J'y Sc'r.ipb ■ to Sciap-Boolc.of 

I of Cuttings from Noavs- 
0, Inlf roan, 7r dd , 

Lilllc London Dii t'( -oi y of 1677. The, | 

t > linliers of London Re- / 

Introduction by Jojiv / 

■ . ivjuio, omumg alter tlte original, 6r 6d 

Longfellow’s Prosei^ 

Works, complete, including -“Outre' 
Mer,” “Iljpcuon,” “Is-aMnagh,” ^ 
“Driftwood,” “On the Poets and _ 
Poetry of Europe ” 'V^ itli Poilriit and 
Ulustrations by Bromley 8oo pages, 
crown S\o, cloth gilt, 'js 6 d ~ \ 

•»* TUe reader will fiitd i 7 tc fyeseni cdtlton nj 
Longfellirv s Prose M'nitngs hy /nr i/ie most 
camfleie evet sssned tit Hits country "Outre- 
Mer’ contntnsi ifl nddiitonnl chaptet s restond, ' 
f>om the Jirst editton 'ihtle " J he Poets and 
Poetry of Ptuopc and. the little oothction oj 
St etches entitled " Drtf tuned,' at e inru first 
tnh educed to the Cugltsl puhltc 

Lost Beauties oftheEnglish Language.' 

An Appeal to Authors, Poets, Clcrgjancn, and Public Speakers 
By Charles Mackav, LL D Crovvai 8\o, cloth extra, 6r dd 

Linton’s (iVIrs E Lynn) True History 

of Joshua Davidson, Christian and Communist SlxTu 
Edition, with n New Preface. SiiitII cro^\ n 8\o, cloth evtra, 4^* 6f/ " 
‘In a short 'ind vigorous preface, Mrs I mtorv defends m certain points her 
notion of tiic logical outcome of Clinslnnit^ as embodied in thisnttempc to conccnc 
how Chnatwoiilfl xiavc acted with 11110111 He would have fraternised,’ and who would 
l^vc declined to receive Hun had He nppcTfed m tlic present generuuou — 
Fxamttu r 

MBS LTim LINTON’S NEW NOVEL 

Patricia Kemball . A Novel B3^^E Lynn 

Ll^TO^, Author of “Lizzie Lorton of Cre3rigg,” &c Jn liiiee 
Vols , croivn Sro, price 31^ dd [On Nav 
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-Og of the Water Lily, during Three 

Cruises oa IbeKlure, Kecbar, ^il-iiaj'iloseile, Panube, Saone, ard 
, Rbone. E B M vssnEiJJ, 1. A Uiastraled. by Alfeid 
THO^^P 30^, B A- Fifth Edition, Tended nnd considembly Enlarged 
CrbvTi SiOj cloth extra, gilt, fx 

VI ad re Natura versus The 

Moloch of Fashion A Sociil Essay 
By EtixE EiM'tEK WiUi 32 IQuEtrations 
by the Autnor FouPTn Edition, re.\i^La, 
corrected, •'nd enlarged CroivnSio, cloth 
evtih gilt, red edges, pnee 2 r (jJ ^ 

" Bn\ c, Lu’ e Irismer * la I'-is trea'jse, "ap*!! a"d fKf- 
ibij iila'tnted the ’r'c’I tai3i'’a Tft>^ «C3l!«ngl, 

W'c-? tuc eviSs t,f the jrewn^ ftslu-'ns — rnore'csp.. 
r-allj of tight locng Grrb she jid be taadi, "o 'cam t 
ijy bcart, ani ac~ on its cteccpt« — F( t 
' Agricably 1 ■ntten and amiisinslj «Slu'*ratcd Coromon s-nic and emdition are 
ironght tobw on the ‘it,bjccts<i!<cussia m It ' — X.c'ncrt 
“ Afncifnl lUtlcvoij'ne A hingiorcad trd m parts amnsUJS — 5’w<5' 

Ernn'cs amc=ng and itis cucuse book ,s calculated to do cot ah tie 
jood.”— Ar/xr 






Magna Charta. An exact Facsimile of the 

Original Document, preserved m the Bntisli Museum, very carefully 
dratsm, and pnnted on fine plate paper, nearly 3 feet long by 2 feet 
wide, V itli the Arms and Seak of the Barons elaborate!} cmblaaoned 
m Gold and Colours- a-d 1215 Pncc5x, or, handsomely framed 
and glazed, in enned oak, of an antique patlcni, 22x 6rf 
A fuU Translation, vith Eo'es, punted on a large sheet, pnee 6if. 


' ATJTHOE’S CORBECTED EDITION 

Mark Twain’s Choice Works. Revised 

and Corrected throughout by the Author V ith Life, Portrait, and 
Tmmeroas Ulastrations 700 pages, cloth extra gilt, jx (id 


Mark Twain’s Pleasure Trip on the 

Continent of Europe, Vitb Erontispiece 500 p’ges, illus- 
trated boards, zr , or doth extra, 2x 6f^ 


Marston's (Dr. Westland) Poetical and 

.Dramatic Works A Xew and Collected Eoition is^now^ui pre- 
para" on 
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All Ml All .»< 


POEMS ^ . 

'ns , By Philii 

< o\vnS\o, cloth, e\tra,Sj- 

J of still mohe c-irtraordman 
tceivcd in impnrlanticccs 

Onixltisapoct His 

■ * utterance of t poetic, cut 

us;but e hXT& 
U Mall Gazetfe. 

• ' ■ ts By Philip 

Mnyiicv/'s London Oih'Mv{3e]^Tlfc: 

, ^ rttics of London Life 

, ' ibour and the London ^ 

' graphic lUustrations 
' ' cloth e\tfa, 6 s ’ , 

in cniincnlly Intcrestibti 

r ji 1 ‘ 1 /n ^ f 

'll nionnk o, M,. ,(- 1 ^...,, , Streets. By 

ppendix, containtng 
1 F S A , and "Old.-" 

Calendars of State P^eiT pIeS.^L°^ ‘ enteenth Ccntm3 . ’ 

Pngraiings of the Arms fini, ’ Baronetages With 

on the spot by the A^wr Ca,nT?F''l Chi^y collected 

4to, cloth e'en a. 42/ ' J LA 1 VRE^ ce-Archert Dcray 

the Hiueteenth CentS/ ^Th^’i Y SoCldt6 of ^ 
traportmt Wnters of the iS So Society Verses . of tlie most 

SttnruitNF, Rosse^ti^T’ TE^^^^So^^ . 

Ii' goldsby. Hood, Li tton r o I'^gelow. Lockfr, ^ 

Aulho^ Edited b^y ii’ Henry S Leigh, 

on Pegasus " 

-g-ggJI^ a. "The Clfa T Sr5‘'A?.?» ft- ■; - 



SODA'S SUBUSirSD BY CJ/SSfO ' 

' ' " mil O'SSATJGHITESEY S POEMS - 

IVIusfC and IVIoontight: Poems and Songs 

By ArTHiiK Awtlivr pf "A'i Efif cf Womai ’* 

doll 75- ^ ‘ , 

■*' wlv ■^UTr^HC c^f^* t dF-*^iC‘;ilpe*^c^ror of^trLrtnra 

J4 Lc 5 e patfe t i' ft C> v 7lv 

UT<*vwi/i^-t 5 Ct^ lit vt'T ^}ic f 

Ah ^ Epic ^of Women, and other Poems. 

Si^crtM' LnmDN ' Bmp S v, cl^'h t^tf' di , 

"Of ■• -t fjJir'il STt o'" j 'tfS' »5 'l r-inv ■;::= '"'s q« ir 1 fna't'e' J is mctfi;<; ire 
Ww,!; ‘iTf —1) c\. mt; iju <>«•’, and'Of'e'- rf an jjis triton «i> ^ «<‘I 

ss ca”" w-> — C 

Lays of France. {Founded on the “ La}'S 

p*” i!an-,-’'J SrOi .U Bl'tTf'O'; Ct»> ' n Svo^ cloth cxim, icf to 

* As wi; ^at'e l>*q rtr-;-i,ftl ji rc-u' a' 10 cluicr ’-oSur": -cf hp tti » f-stini 
»-ofaT> t f Mar's ijy, r.-rraapmaH'.T j'arrr. kci"i sa u, vr i and sv'a jsr j)"< cUnij 
JO I'm emp 5 s * r-'"' , A‘ ’ ^ r O to a' a -n ssoacsp'uxicd 

5a* £r la i) <''■*• ptcnliar tti n "if rSttSm v $»)•*' are ciesign’-d to nrj'n.lurt- tlic 
revanir” cf tise tseai r val coj; rjt* ' — UtIl-’ ■'■tj- Ar—r*! 

lyiystery of the Good Old Cause: 

'Sarcartie Nonce', of iio'-c Mcniocn of the PorlfoRteiit that 
Ite'tJ Place's, tto^h Citil ■'oiJ Mth!i*A, Contis'} to the Self ilenytn'i; 
O'imnnct of Apr'l's, JtitS, Miih iheSims 'of Money tneJ Lands 
' t)ic) ■Pujded *unong ihcniie! er Small 4.0, half ttior(?cco, 75 (kf 


Napoleon 111., the Man of His Time; 

f'on Canratoat. PtET I Titp SEtWi or Tit2 liFK OF '•TArCi. 
ij-oN^in, r:> tuul l>" J M Has' nr Paft H Tke Sa.Bc 
STO f \%e' *^oh' l.y the Pot vui. CtRtCATtrj cs of the pMt TUirt\- 
ii\e Years. C 'own S'a, mcU Co’ourtd '^'rcatisjntcc and over ioo 
CaricatUrc-s, 71 <>f 

Original Lists of Persons of Quality; 

, 1i!n'2ranl<, Rclti,t<3os EjiIos , Po’.iital Rs.b'ls, Sorting Men Sold 
for a Term of Vents .Vpprent , LhiW'cn Stolon; Maident 
Pre^'sed, nt.t oiliersvljt) nenl fiv>m tired IPitnin to the Amencnn 
Pi^tilaUot!' iC.CK>-!7XJ A\ itli ilitw At;e> ii 1 1 oraliSes t licrelhey 
formcily Lmcd m tie Mnther Covnir, Name; of the Ships m 
winch the> 'tmin'l «!, '■nd o Ijcr mtu rAing pnitsciilata From 
MSS. fTi-'-jrvfdon iite State P'per Dcfmrlnieiit of Jlcr 'Majesty s 
,Pu!be Record OiTiet, Lnginnd J.nhcd hy Ioun" CAitCFN 
JIvTTF At c'‘f Iiaadsorne ohime, Cretv n ^to, doth gfll 700 pages, 
jbr ..V fc V Laige Paper C07 jcs'l nve Stvo printed, j ncc Cor 
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'ill- C)]-|) J>k’/v'..ATISTS- , ‘ 

Bi'n s V/orl<? With Notes, Griti 

ical Jilemoir by Willta\ 
■ ' CIS CUNMNGHAiM C^nf 

1 1 gilt, ■iMth iPorttait, pno 

Groi'p,( Clnn.nan s Plays, Complete, frorr 

laj-s in ^^h^chllc v'as onb 
IrRNF SllEPHj'RD Crowa 
spiece, pncc 6 j 

G' Ol'iri C-iap.'-itin s Pocjms and Minor 

I lie Pieces now fiist pnntec 

ford WithanlnfroductiOr 
Crown 8-\o, witlr Frontis 

Cooi'L'i' Cl-i'p'iian t. Translations o1 

I « • ed by Rtcil.VRD.HcrM 

clotli extra, 6s j 

Cliia.opIiM lt)\v( s Works; In 

Hotts and Introduction, 
n S\o, cloth extra giIt,a\iU 

Philip ivh ‘'‘'iii^a' I s Plays. From the 

Idition of the Tragedy o 
Col Fr^vacis Cu^^i^G 
Portrait, phee 6r 

Oi.h 1 ()1) reprints. 

R ' I ni p (T i > ' ) cact Collection 'of 

g to the late Times, and 
in Anno 1639 to 16611 A 
ition (London, 1662)1 with 
n 2 xols , large fcap Svo, 
n antique boards, i7r 6ifj 
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Ebooks published -by cjiatto 6- windls 25 

Facsimile Yx.tv.wx^—co tlmunl 

D’Urfey’s (“Tom”) Wit and .Mirth; 

or/PjLLS TO PoKGE Melaischoly Being a Collection of tie 
best Jilerry Ballads and Songs, Old and New Fitted to aU Hu- 
mours, having each their proper Tune for either Voice or Instrument 
most of Hhe Songs being hew’ set London Printed by W 
Pearson, for J lonson, at Shalvcspeare’s Head, overTigamst , Cathe- 
rine Street 111 the" Strand, 1719 An exact repnnt In 6 aols, 
large" fcap' S\o, antique” boaids, edges uncut, beautifully pnnted 
on laid paper, made expressly for the woilc, 3r 

Musarum Delicias; or, The Muses’ Re- 

creation, 1656 , Wit Peator’d, 1658 , and Wit’s Recreations, 1640’ 

‘ the whole compared with the oiigmals , witl all the Wood Engrav- 
ings, Plates, ^Memoirs, and Notes. A New Edition, in 2 vols , (post 
S\o, beautifully pinned on antique laid paper, and bound in antique 
boirdsj 2U A few Large Paper copies have been prepared, at sgr 

English ^ Rogue (The), desenbed m the 

Life of JIeriton LArnoON, and other Extraaagants, compi ehendmg 
' the most Eminent Cheats of both Sexes By Richard Head and 
Francis Kirkmay AFacsimileRcprint of the rare OngmalEdition 
(J665-1G72), with Fionlispiece, Facsimiles of the 12 coppei plates, 
ancbPorliaits of tlie ‘Vuthore In 4 aohimes, laige foolscap 8io, 
' beautifully printed on antique laid paper, made ex^ircssly, and bound 
in antique boards, 36r , or Large Papcr,copies, Gor 

Ireland Forgeries — Confessions of 

ViLiiA.M Henry Ireland Containing the Particulars of his 
Fabi icalionof the Sliahspeare Manuscripts j together with Anecdotes 
and Opinions (hitherto unpublished) of many Distinguished Persons 
an the Literaiy, Political, and 'Ihealrical Woild A Facsimile 
Reprint fiom the Original Edition, with seicial additional Fac- 
bimiles Fcap 8vo, pnnted on antique laid paper, and bound in 
antique boards, xoj Qtd , a few Large Papei copies, at 2lj 

Grose’s Dictionary of the Vulgar 

Tongue 1785 An unmuhlated Repnnt of the First Edition 
'"Quarto, bound m balf-RoxburgbO, gilt top, price 8r ‘ 

' X « ; 

Joe Miller’s Jests, the politest Repartees, 

most elegant Bon Mots, and most .pleasing short Stones in the 
'English Language London printed b) T Read, 1739'' A Fac- 
simile of the tlnginal Edition 8vo, half morocco, 91- 6^^’ 

' , ^ Tz, PLpC 4 DIILY,'LOHDON, W 



26 BOOKS BUBLISHED BY CHATTO &= WJKDVS. ' , , 

Old Prose Stories whence Tennyson’s 

“IdyUs of Uie King” were taken By B ll Ranking, Royal 
l6mo, paper cover, u , clotk extra, is 6 c/ i ^ 

OIJ3 SHEKARBY’S WORKS ^ J ' 

Forest and Field' Life and Adventure ^ni 

Wild Afnca By the Old Sheicakri With Eight liltistTations’i 
Grown Si o, cloth exlri, gilt, 6r 

Wrinkles, or, Hints to Sportsmen .and; 

Travellers upon Dress, Equipment, Armament, and Gimp Life “• 
By the Old Snekakry A New Edition, with Illustrations Small 
crown Svo, cloth extra, gilt, 6r ■ " 1 


OUIDA’S NOVELS 

Uniform Edition, each Complete m One Volume, crown 8\o, red“ . 
cloth extra, pnee Ks ' each 


Folle Fanne 
Idalia A Romance 
Chandos A Novel 
Under Two Flags 

Cecil Castlemaine’s 

Gage 

Tncotnn The Story of a 
^ya^f and Stra) 

Pascarel . Only a Stor)' 


Held In Bondage,* Lor, 

Gram die de Vigne 

Puck Hit" Vicissitudes, 

Adventures, Ac 

A Dog of Flanders, and 

other Stones i 

Strathmore , or, Wrought 

by his Own Hand 

Two Lltttle Wooden 

Shoes 


Parochial History of the County of 

Cornwall Compiled from the best Authorities, and corrected and 
impro\cd from actual Survey 4 vols 4to, doth exha, the, 

set; or, separately, the first three volumes, i6r each, the fourth 
volume, i8r ^ 

Plain English By John Hollingsiiead, 

of the Gaictv 1 lieatre Crown S\o, iliust cover, jr [Pie/arirg- 

Private Book of Useful Alloys and 

Memorand.a for Goldsmiths and Jewellers By Tames E, 
Collins, C L Royal i6m&, 3x61^, ’ , 
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' ' BOOKS TUBLISHED BY CHATTO mNDUS 27 

^ " 1 

Seventh Dcirrov OF - 

Puck on Pegasus. By H. Cholmokdeley- 

^ Penhell. Profusely iliustritcd by tie late John" Leeot, H K 
Erowne, Sir Nqex. PatoK, John- Mileais/John Tenniee, 
RlCHArn DoilEj Sltss EIeen Ed-o-arbs, and other artists A 
PTew Edition (tie Sni c\th), crorni Svo, doth edra, gilt, pnoe 5r , 
or gilt edges^ -br - > 

“The boo? is clever anU aimisinff vigorous and healthy’ — Sait-rday Acutc-o^ 
“The epigrammatic droller} of Mr Cliolmonaeley-Pcnneirs ‘Puck on Pegasus’ 
IS Melt known to manj of ojr readers _ The present fiJie suir'/O is a superb 
and haadsomelj printed and illustrated edition of the hook7 — Twit^ 

“Specially ■fft for reading itrthe familj circle’ — 0!!S'7~er. 

> By tlie same Axithor ' - v- 

Modem "'Babylon, and^ other Poems. 

Small crown Svo', doth extra, giU, 4r 6a 


“An AtvFULEV Jolly Book for Parties ” ’ 

Pu n i an a : Thoughts 

' “Wise and Otieiatise, By tlie 
Hon Hlgu PottLEV 'Best 
Book of Rtddles and Puns 
e\ dr formed. “tVith nearly too 
exquisitely Fanciful Drawings. 

' Contains nearly 3000 of the 
best Biddles, and io,ooo most 
outrageous Puns, and is one of 
tie most Popular Books ever 
issued New Edition, small 
ouarto,"* green and gold, giU 
,^ges, pn'ce 6/ 

‘ Enormous burlesque — unap- 
proachable and pre eminent:. We / 
thud, tlus V ery queer v ohiine will be ' 
a favourite Vi c should s iggc't that, 
to, a dull pcTEon desirous to get 
creditmthlhe young hchua, ptop}e,'it would be good policy to iave»t in the hook, 
and dole it out bv insmlments ’ ^Saturdn, JieDitrja . , , 

a t 

Also, ” ‘ 

M o re P li n 1 ana By tlie Plon H ugh JR o^^laEr 

Containing nearly 100 beautifully executed Drawings, and a splendid 
ColIecUon of Biddles and Funs, rivalling those in the First Volume 
Small„4to, green and gold, giltrcdges, uniform with Ihe First 
Senes, price 6 j. ‘ ' 
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, 0 IVWDl S . 

Cl III 

p{ji of Arms(TheV, 

mdctl upon I acls ' A 
' ' lift Cacncc of JImlilrw 

snn,' Ijo , r c A , 
- To mIhui ''ri. ndutd,' 

I rrS OF TUR ItOL’LFj; OF 
i OFiw A jSon LdifSon, 
'•(I iij’ the Antlior, jUos 
ii'v.d 1 ronfispicct , fo-c 
i.d olmut 200 Ilhss'it- 
f)> l/c-uurully licunt) in 
mite Du>si;ri, CAlrt gill, 


. t\ MlM-s 

Hi A'.'o.''" 1 ' V uidc to jMiners 

I lil)lc5 niid Jiiitstrshur 

• '\ra!sa}! “( w// ni - AV 

'nU J /ifsr n tf’-ritni i i 

. //. I J, ie farm rt (aientth 

U'iiif <>/ /"if ufuti. 

, II » % it tn) iSisptmnHr i 

K arc cicar and jirtcje 

t 

y iti oinuicml this comi»a'‘t hltk Auhim'* to nil cn^J^jeil tnxntnuir 
enterprise jani tt> explorer*; Ar/ ^ 

** An 'lUmirablr lutlc \olume-'' — M$utt cl - ^ 

GUSTAVE DORiS’S DESIGNS 

Rabelais’ Works. Faitlifully translated 

from ilie I rendt, tMth a-montm Aotes, md numerou'i dianc 
tciistic lilttslralioiis byGusrAM- DorA CrovTtSvo, dotli extn, 
700 pages Price 6 d < 

Umform %MTn " WosnrRruL Characters " 

^Remarkable Trials and Notorious 

Characteis From “Half Hanged Smitb,” 1700, to Ovrord, avlio 
shot at the Queen, 1S40 JJj Captain 1> JiFASON ^\lth 
full page Engravings bj Pitiz Sro, 550 pages, 7r Cif 

Rochefoucauld’s Reflections and 

Moral Maxims With Introdnclorj Essaj bj SAiNTL-PrtiVF, and 
E''planatory Notes Royal i6mo, elegantly printed, ir , doth 
neat, is 6 ,{ ‘ 
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hbOAS PUBLISHED BY CHATTO 6 " JVIHDUH ' - 29 

‘ ■ - 1 

Reminiscences of the Jate Thomas 

Assheton Smith, Esq , or^ The Piirsuits of an English Country 
Geiitiernaiu . Bv Sir J L Eai dlky Wilmot, Bait A Neu and 
Revised Edition, m ith Steel plate Portrait, and plain ana coloured 
Blustrations ‘ CiouA S\o, cloth e\lra, iir 6id 


Roll of Battle Abbey; oij A List of the Pun- 

'cipal ^Tarno^s who came oaer from Normandj uith WJliam the 
Conqtieforj and Settled in this Coimln, A D 1066-7 Carefully 
drawn, and printed on fine plate paper, nearly thiee feet hy two 
feet, wiUi the'Arms of the pnncipal Barons elaboiately embla2oned 
in Gold and Colours Price 5r' , or, handsomely framed in caned 
pah. of all antique pattern, zzs 6 t/ ’ < 

Roll of Oaerlavero.ck, the Qldest Heraldic, 

Roll , including the Original Anglo-Norm.an Poem, and an English 
Translation of tnc hlS in the British Museum By Iiiomas 
" Wkiohi, M a Ihe Anns emblazoned m Gold and Colouis-' In 
4to, aery handsomely pniited, extra gold cloth, I2.r ^ > 


Roman Catholics in the Cou-nty of 

York m 1604 Transcribed from the Original MS 111 the Bodleian 
Library, and Edited, with Genealogical Notes, by Edw Pea- 
cock, F b A , Editor of “Army Lists of the Roundheads and 
C laahers, 1642 ■” Small 4I0, handsomely prmted and bound, <i5r 

G^neitio^sis and Anile taricsuiltjind v i*cL nnu pnd c incite matiei'in 
V ts'-iiork An cUi^rafc !nctx refers to cv^ry t nine jn itu tdhottef a not g-'-id ich 
^illle/cnndiratiy of if e highest local u ieresi _ 


Ross’s (Chas. H.) Story of a Honey- 
moon A Neav Edition of this charmingly humorous book, 
avitli numerous Illustrations by the Author heap St o, illustrated 
boards, 2r , ' ' ' , 


School Life at Winchester College; 

^ or, The Renuniscences of n. 'Winchester Junior By the Author of 
“The Log of the Watei Lily,” and “The Water Lily oil the 
Danube” Second Edition, Revised, Coloured Plates, yr fiA 

Schopenhauer’s The World Con- 
sidered as Will and Imagination Translated by Dr Ee vnz 
H uErER, Author of “Ricliard Wagner and the 'hlusic of the 
Future \In pi tj>ai atwn 
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TTO wmDUS 

' ^SERIES ' 

^ ! 

d, price 4? (id pei" VoJ , 

ction of Graceful 

ides, infcnded to Arause 
nearly 300 Illustrations 

. ierful Book, of 

white Mag-ic, Sleight oC 
ptJons Minch the. Great . 
■ . W II Ckemer AVith 

V 

- V V ^ 

Magician f> O'vn Book Ample Instruc-' 

ills, Eggs, Hals, IJand 

X nec Edited hy \V H,’ 

1 - - 

Margie No IViy^it i \ " lendid Collection 

h fully dcscriptiic irork-’ 
rations [Xtarly ready> ^ 

Mic ri’y Oil cic (Tht ) , • '-low the Visitors 

Evenings A Edolr of 
Edited by Mrs ClaR^v 

\ 

St'Ci’''i On I 1* • I » land Tricks with ' 

> rtmning Expenments in 

ited by W IE Cremer 

\ ' i J t" 

Silollcy s Eiiriy Life From Original 

( ■'s, and Writings, Jiow^ 

.orence Mac CARTity 

' 6 d 

■ ■ 

■ 77Ue Rule and other iigrts^ 

Slu'i'K ian’s, Complolo Works, with 

natic Writings, pnntcd 
' ’rose and Poeti-j, -Trans- 

Collection of bheridan 
tifully executed Portraits , 


^DON, W 



'^DOQKS J>mLISBED' BY CHATTO WJKDVS^ 31 


Signboards; Their 

' ' ' Jiistorj^ Witli Anecdotes of 
^ Fmous Ta\erns nnd'Remaik- 
able Glnncters Bj J'VCOB 
Larwood and John Camden 
IIOTTEN Seventh Edition 
C rown Svo,' cloth T-*" 

*' It IS not fur on the part of a rc\ lewcr 
to piti 6ut the plums of an author’s bool , - 
thusfilclnngawayhiscream ana t»- - 

t » 

^ 1 nil, pi escnt instance pick" j. 

our''aU Messrs Lirwood and Hcttens 
plums, becatise the goad thipgs are so 
numerous as to defy the most wholesale 
deptedatton .^’ — The Ttnus 

V rVertjfj too mast cituataillusii aitans ansicoci aie gnen, sj oxviug the stg-ti 
wluchsLi,refontn>li hioigftam iazents, ii-c 



net p -IE Tiiroi-CH Tnis wokcd ! 


hanlbooe: op oolloqijialisms 

The Slang Dictionary ; 

Etymological, llistoncal,-'and Anecdotal 
All Emirely l^EW' E dition, revised 
throughout, and considerably Enlarged, 
containing upwards of a thousand more 
words than the last edition Crown Svo, 
with Curious Blustrations, cloth evtra, 
6 ^ 6</ 

^ “Peculiarly a booh which * no gcntlemaii'!i library 

- THE vmDCE A^D THE woDPEN should bc Without, while to coctermongers and thietcs 
srooN 1 It IS absolutely indispensable ’ — Dispatch 

, 1 “ IntcrcsUnB and cunous Contains as many as it was possiVe to collect of all the 

’ w ords and phrasc-s of nodenv slang m use at the present time — 1 ‘ullit Oj^inxm 
„ '“In every way a great improvement on the edition of 1864 Its uses as a dictionary 
of the very vatlgar tongue do not require to bc c\pI3incd A and Queries 
"t ' — care, nnd ba^cd on the bestauthoritics " — Star dard 



‘ j ve have not only a booh that reflects credit upon the 

phi It IS also a volume tliat will repay, at any tune, a dip into lU humorous 

pages ’’ — Digara ' ^ 


WEST-END LIFE AND DOINGS 

Story of, the London Parks. .By 

^ Jacob Larivood With namerous lllushations. Coloured and 
iPIain In One thick Volume, crown Svo, cloth e\Tra, gilt, ‘js 6d 

♦** A •most ittferesfingwar/ gi~’tnra complete History af Umefav'e mie' oui-pf~ 
door resorts, fratn the earliest ft! lOd to the prese it ti rc " 
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O > < "OKERS - S'" 

Smoke r’ii 'Icxi-Sook By J Hame 

c ficed” tj'pCj'clotli, \c 



“It n’t! be we shill touch the happy isles " 


Summer Cruising in the South Seas 

Py CiiAULrs WAKRnN STODDARD With Twenty fiyc Engra 
mgs on Wood, drawn by Wadlis Mackay Crown 8\o, clot 
extra gilt, 7f Srf 

'^This IS a >cry amusing hooh^ and fuU of Ont quiet humour for^avhich t1 
Americans are so fnmou*; Wc ha\c not space to enumerate all the picturesqi 
descriptions, the poetical thoughts which ln\e so charmed us in this volume but v 
j-ccommend our readers to go to the South Seas with Mr Stoddard in his prctti 

illustrated and amusingb 'vntten little hoo) * Pair - 

"Mr Stoddards booh is delightful reading, and in Mr Wallis Mackaj he E 
found a most congenial and poetical illustrator * ^BooKseVer 
"A remarkable book, which has a certain wild picluresqucnCss '^-^iandard 
** The author s evpcncnces are v ery amusingly related, and, m parts, with mu 
freshness and onginaluy 

"Mr Stoddard IS a humourist 'Summer Cruising^ has a good deal of unde 
able amusement **-^I/attori 
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OOK^ PUBLlSffED EY CIIATTO IVIKDUS : 33 

' ^ i t 

Syntax’s (Dr.) Three Tours. Witli the 

whole of Rov^LA^I3SC>^’s Aery droll full-pege Illuslntions, m 
' Coloitrs, after the Onglml Dnw mgs Comprising the veil-known 

Tours— I IM -Sr^vRcti oF the PiciuRrsQUE 7. In Search 
or Consolation 3 In Se.\rch or a Wife Tlie Tliree 
Senes Complete, ivnth R I ifc of the Author by John Camden 
Hotten Medium Svo, cloth extra, gilt, pnce yr dcf 


Theseus. A Greek Fairy Legend. 

lUustmled, in a senes of Designs m Gold and Sepn, b> John Moyr 
Smith With descriptive text Objong folio, price 7 f dfl' 



THEODORR HOOR’s house, ^EAR rUT EY 


Theodore Hook’s Choice^ Humorous 

^ Works, -with his Ludicrous Adventures, Bons mote. Puns, and 
_ Hoaxes , With a new Dife of the Autlior, Portraits, Facsimiles, 
and Illustrations Crown Sao, eooyiges, clotli extra, yr 

*»*“AsavntandhumoiiristortJichighesti3-derhisiianie mil he preserved His 
poliucrd songs and jeitx d'tspnt, vhcn the hour comts for collecting them, -wtil 
forrr a vphm c cf steriing and lasti/tg^ aJiracttan — } G Lockhart 
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Wil '.l\' 


Bo' hvv'iMl 


» •• 


o WORKS ' 

m or , 

By' Algernon 

evtra, pp 540^ t2f 6 if. 
hink dcnj l 5 nl ' Dothvell’ 
iccs of poircr, indiwdinlity, 
cnstictll> SJpple'and inclo 
tiipcd strength and diSnrit> 
naster of the music pf bn* 
es die Irui; poet — the touch 

e nil} thing more, the poet 
1 ns a pbcm upon 'irhich his 
retincnl nlliteration, or ihdt 
tlini and --plcndour to some 
1 historical poem iVe ha\ a 
do ithcii deprived of such 
orih rinl anongst the first 


ons and great deeds The 
the insight into character 
Sniiihunio has once more 
' d oiir land ” — I>ntlj 'N'ews 

1 lie reader inll here find 
fnliicss of stj Ic are superior 

derfid studies of character 
\ olitme arc niaiij' fine nnd 
ouiid, and dtscnpCae pas- 

-u 11 uinuice 01 the poem It isseaerclj simple 
in its diction and never dull there are innumeraWe fine touches on almost every 
page. — Scolstnnii * 1 

' ‘ Bolhn ell ’ shov s us Mr Swmhiimc at a point immcasuraUj superior to any that 
he has jet achieved It wdl confirm and increase the Tdivutalion vihich hts damig 
genius has alreadj v.on He ha^ handled a difficult suhjccl nitha mastery of art 
which IS a true intellectual inumpU ’ — Hvuy , 1 


Chaste! ard A Tragedy Foolscap 8vo, 'js. 
Poems and Ballads. Foolscap 8 vo,' 95 
Notes on “Poems and Ballads,” , and 

on the Review s oE them Demy Svo, is 

Songs before Sunrise PostSvo, ios:6d 
Atalanta m Calydon. Fcap 8vo, 6s 
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BOOKS TVBLISHrD BY CITATTO ^ WlNDtJS 35 
- ‘ ' Mr. 'Ko^\^^contii u(d 

The’ Queen Mother and Rosamond. 

ToolscaJ} S\ o, 5 ^ 

A Song of It aly. Fools cap Svo, 6d 
Ode on: the Proclaniation of the 

"French Republic Dem) Svo. u '' 


'Tinder the Microscope. Post Svo, 2^. 6d. 


William Blake. i A Cniical Essay. With 

facsimile Pambnj'j', Coloiucclby H-nd, after tlic Drawinj^S by BlaKc 
arid lusVfifc Demy Svo, i6r 


SIIS IHACin^nAT SKEtCCH 300K 

T ’ 

THACKERAYANA. 

r f 

, Kl' s < 1)1 d An cdi. 'cs, 
lllrislnitcd by about Sf^ Hundred 
Skelcbes by 'SVilwam blAKEPrvcE 
TiivCKriKAr, clepicUng numorou*; In 
cidcntsinJus School-hfe, •’iid ravouritc 
Scenes and Characters m the boohs of his 
every daj readmit, sow roK Tiii. Fn-sx 
-Tnm ruLEiSKED, from the Ouginal 
Drawings made on the nnrgias o 



boohs, S .0 Large post Svo, cloth 

gilt, gilt top, pnee I2r 6if tiiaci fra\, at wvx uv mitsELr 

"Tt is'rhachcrar s aim io represent life as it isachnltj and SistoncalK -men and 
women as ^ey jye, in those sit uations in svhicli lliey are osaally placed, with that 
mixture of good anti evil, of ilrcnglh and fo.bic, whicn is to lie foimd m the.r 
diaracterE, and IiaUc onlj to those incSdcius v Inch arc of ordmar, occurrence He 
I) vvm MaSSO J characters, no dcmi gods, — ao'hjiig but men and brethren.' — 
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JKES’S 

Timbs’ Clubs and Club Life in Lon- 

don With Anecdotls ofits FAArousCoFrEi ITousns, Hostcl- 
KTES, and Taver-NS L) John IniBS, FS A New Edition, 
with NUMEROUS IllUstr vTiONS, df'iwB cxpressIy Cro\^7l Svo, 
cloth extra, 6oo pages, 7**‘ 

A Comf'anipn ic* Tue History of St^fi Boards -ft filoitnds tn oitaif t 
sio> ifs of the Blue StoekinR Ku Kat BeefSteaU Robin Hood, Mohocks, Scnblerus, 
One o’clock, the Civil and h iiidr ds of other CtutfS together ivtih TorrtS, Dick s. 
Button s, Ned s "NVilI s, and the famous Co fee Houses of the tasl century 

** rhe book sttpphcs a much fclt-\vant. l-hc club is the avenue to general societ> 
at the present da\ and Mr Tnnbs gives the r'/ /r/c to the club Ihe scholar and 
antiquarv wjU also find the work a repertory of information on man.^ disputed 
points of bterory interest and cspecnlh respecting various well known aiiecaoLes, 
the \alue of which onl^ increases xvith thclapsc of time ^ — ^^ 07 'n^n^ Post 

Timbs’ English Eccentrics, and Ec- 

centricities Stones of IVealth and Fashion, Delusions, Impos 
tares and Fanatic Missions, Strange Sights and Sporting Scenes, 
Eccentric Artists, Theatrical Folks, Men of Letters, &.c By John 
Timbs, F S A An entirely New Edition, with about 50 Illustra- 
tions CroTOi Svo, cloth e\tra, 600 pages, yr 6 d 
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. :■ BOOTHS PUBLISHED BY CHAT TQ -WINDUS 

' ^'Story of/ 

Cards With SixtV cunous* 

' “ 550 pp.croivnSvo, clothe 

extra gilt, pncc (id •’ 

and Vi^etun^ 



Vaga bondiana; or, Anec- 

' ' ?T?f Mfendicant Wandereis throuirh 
the Streets of London , with Portraits of 

LifeX pf^JaM^TTM/rTlS! 

' Woodcuts, and tlie -'2 KtIp fiom the 

Coppers, m crown 410, h-ilf Rovburghe, pnc^ 6 ^°“" 

l-LESMSfiEASLES.. Oo»We.a m '■ 

°P®„,Pan d^ Now first pub. 

<^«pto„ of o fe, ad„soble om.'.S 7 PoSor’ir'^J' 

.0 a I*™ or °1 .°r"' ^ 

disnnt postenij m deaiint; wutfMi fh •'^‘^onnnend it to tL ® the 

to niate iip our common huLn 'ty doubts 

the Hall marX of genius 'infl fliA T ^ctor Hugo has stamti^»ri ^ '"hichgo- 

m But the ^nd consc^finl'^|Pr P^e 

^Tr?nt£edin^ESSb^o???®^^® l\^ariU9 ^ 
Svo, illustrated bodfds, 2/ ^ tnth » Pantine » pfst 


Valjean Ssf Si^int^EiIihst Jean 
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